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ABSTRACT 
 
 
 A steady 1D hydraulic model (HEC-RAS) was implemented for the Middle Paraguay 
River Basin (MPRB), which comprises a reach between Porto Murtinho, Brazil, and Asunción, 
Paraguay. In order to prepare the model, first the topo-bathymetry was prepared by digitizing 
more than 10,000 depth points from available nautical charts and scaling them to a consistent 
geographic reference system. The main features such as the cross sections, river reach length, 
flow path and ineffective flow areas were created with the aid of HEC-GeoRAS and imported to 
HEC-RAS to create the geometry file. A hydrological statistical analysis was conducted to 
prepare the input design flows from data that corresponds to Porto Murtinho and Asunción 
fluvial stations.  Finally, the finished model comprises a river reach of approximately 635 
kilometers, more than 200 cross sections with 3,100 meters of spacing, and calibrated Manning´s 
n value of 0.0245 for the main channel and a value of 0.04 for the floodplain. The simulation 
results, such as the water surface profiles, were processed by HEC-GeoRAS in ArcGIS to 
prepare floodplain maps for the entire reach.  
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CHAPTER 1 
INTRODUCTION 
1.1 The Paraguay River Basin 
 
The Paraguay River Basin (PRB) is a watershed which represents an important water 
resource for the region, and is part of a larger watershed, known as the La Plata River Basin, 
located in South America. The PRB covers an extension of 1,095,000 km2 of land, from which 
approximately 365,000 km2 is in Brazil, 365,000 km2 in Paraguay, 182,500 km2 in Argentina, 
and 182,500 km2 in Bolivia. Its headwater is located in Brazilian territory, in a place called Serra 
de Tapirapuã, in the state of Mato Grosso (Brasil, 1979; Ponce, 2015), and meets the Paraná 
River in a place called Confluencia, which is the southernmost place in Paraguay, and a natural 
boundary with northern Argentina.  
 
According to OAS (1992), Anderson, da Franca Ribeiro dos Santos and Diaz (1993) 
(1993), and Ponce (2015) the Paraguay River Basin can be divided into 3 sub-basins, shown in 
Figure 1. 
 
The Upper Paraguay River Basin (UPRB), which extends from its headwaters all the way 
to the confluence with the Apa River, covering a river reach length of 1,873 kilometers. The 
slope within this reach is approximately 3.1 cm/km.  
 
The Middle Paraguay River Basin (MPRB), which starts at the Apa River confluence and 
ends up at the Tebicuary River confluence, covering a reach length of 797 kilometers, with a 
mean slope of 6cm/km.  
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The Lower Paraguay River Basin (LPRB) starts at the Tebicuary River confluence and 
ends up at the confluence with the Paraná River, covering a river reach length of 130 kilometers, 
with a mean slope of 5cm/km.  
 
Figure 1. Paraguay River Basin Subdivisions.  
Sub-basin boundaries generated with SRTM-90 DEM and ArcHydro Tools 10.2.  
 
The UPRB is characterized by a low slope terrain, an unstable sandy river bed, and large 
floodplains (Anderson et al., 1993). This area, known as the Pantanal, is a wetland which 
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consists in a complex system of shallow river floodplain (Barros, Chamorro, Coronel, & Baez, 
2004). The inundation of this wetland takes place in three different ways (Hamilton, 1999): 
overbank flow over natural embankments and consequent flooding of adjacent low floodplains 
when Paraguay River waters are high, backwater occurrence when the Paraguay River waters are 
high causing the inundation of floodplains of tributary rivers, and inundations when rainfall 
occurs over low slope terrain. Downstream of the Pantanal, the Paraguay River’s channel has 
limited capacity to convey large flows during the summer season, causing the flooding of the 
Pantanal, which acts as a cushion by reducing the peak and increasing the time of flow 
conveyance. This is a mechanism that regulates and delays the annual flood peaks by 3 to 4 
months (Anderson et al., 1993; Barros et al., 2004).  
 
The Middle Paraguay River Basin is characterized by a floodplain that covers a width 
between 5 to 10 kilometers, which is larger in its right margin and corresponds mainly to the 
Occidental Region or Paraguayan Chaco (Anderson et al., 1993; Barros et al., 2004). The Lower 
Paraguay River Basin is characterized by a larger floodplain, whose width can inundate up to 10 
to 15 kilometers of land. The main channel that runs through the entire basin totalizes a length of 
2,800 kilometers (Anderson et al., 1993), with an altitude of 125 meters above mean sea level at 
its headwaters and 48 meters above mean sea level at the confluence with the Paraná River 
(Barros et al., 2004).  
 
The climate of the Paraguay River Basin is characterized by a Monsoon regime, which 
means that higher precipitation occurs during the rainy period that starts in October and ends in 
March (Barros et al., 2004; Lacerda de Almeida & Barros, 1998; Hamilton, 1999; Colischonn 
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2001; Bertoni, 2003). In this region, the tropical and extratropical (or frontal) are the systems that 
produce most of the rainfall that varies in the range of 400 to 1,800mm (Anderson et al., 1993). 
Also, the Paraguay River Basin is located in an area in which the El Niño South Oscillation 
(ENSO) indexes is highly correlated with the rainfall events, though this influence is not as 
important as the influence that it has on the Paraná River Basin. As a result, the discharges that 
have occurred during the El Niño phase were not the largest, leaving it to other climate forcings 
to produce larger discharges in the Paraguay River (Barros et al., 2004).  
 
Hydrologically, in the Upper Paraguay River Basin, the flow regime gets its maximum in 
February and the minimum occurs during the August to September period. In the Middle 
Paraguay River Basin, the peak flows occurs during the period of April and June (Barros et al., 
2004), and the minimum flows occurs in the months of December and January (Anderson et al., 
1993).  
 
For a landlocked country as Paraguay, the Paraguay River represents the only natural way 
through which the country has a connection out to the sea. This natural waterway represents the 
route for barges, which allows the exchange of commodities and goods to and from the region.  
 
Considering the implications of the Paraguay River in the economy and environmental 
impacts that affect the region, and more importantly the problem that arises when flooding 
occurs, the main objective of this study is to prepare a digital bathymetric and floodplain surface 
of the Paraguay River and to implement and calibrate a hydrodynamic model with design flows 
as inputs estimated by performing hydrologic statistical analysis. The final result is a 
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hydrodynamic model that can serve as a tool for academics, qualified professionals and decision-
makers at the governmental agencies to support decisions toward the appropriate and sustainable 
management of the Paraguay River.  
 
The specific objectives and scope of this study are as follows: 
• Perform a hydrologic statistical analysis by utilizing available fluvial data. 
• Prepare the topography of the floodplain by utilizing available terrain data or Digital 
Elevation Models (DEM). 
• Prepare the bathymetry of the Paraguay River in the reach between Porto Murtinho and 
Asunción fluvial gaging stations utilizing available data.  
• Perform a 1D hydrodynamic model utilizing the HEC-RAS model package. 
• Calibrate the 1D hydrodynamic model by adjusting the Manning’s n value.  
• Export the results by using HEC-GeoRAS and prepare floodplain maps.  
For the scope of this study the data gathering was restricted only to public domain 
information that is accessible free of charge.  
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CHAPTER 2 
LITERATURE REVIEW 
2.1. Flood characteristics in the Paraná and Paraguay River Basins 
 
The report presented by Anderson et al. (1993) characterized the flooding occurred in the 
Upper and Middle Paraná River Basin in the time period between December 1991 and May 1992 
and the floods that happened in the MPRB and LPRB for the time period between March and 
May of 1992. These floods have caused negative impacts to a substantial amount of 
infrastructure in Argentina, Brazil and Paraguay. In Paraguay, the riverine cities of Asunción, 
Concepción, Pilar, and Alberdi suffered the evacuation of more than 70,000 people in total.  
 
Table 1 shows the maximum flows registered for the time period between 1901 and 1992.  
 
Table 1. Maximum Flows for 1901-1992 from Anderson et al. (1993). 
Date 
Flow 
m3/s 
05/29/1983 11,740 
06/23/1905 11,170 
06/01/1992 10,530 
06/13/1919 8,770 
07/29/1982 8,730 
06/10/1988 8,500 
07/01/1931 8,240 
01/15/1912 7,820 
06/14/1979 7,580 
05/15/1913 7,420 
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Anderson et al. (1993) concluded that the large amounts of precipitation that occurred in 
the Paraguay River Basin in the 1980s and 1990s are one of the most important factors that 
caused the flooding in the watershed. By the analysis of the available flow and water level height 
data, the authors showed that during flood seasons precipitation was the most important 
parameter instead of other hydrological parameters that influenced the unusual flooding during 
the mentioned years.  Also, they stated that flooding was more recurrent and severe by the end of 
1900s, and as a result a reduction in frequency and severity has occurred for low flows during the 
same period. Furthermore, the total annual streamflow has increased and its distribution over a 
year has changed also in the late 1900s period. Consequently, the changes in the precipitation 
distribution throughout a year has been found to be the cause of the streamflow variability, and 
finally they have indicated that there is no sufficient evidence that flooding was caused by 
alterations in the land use change that could modify the rainfall-runoff process.  
 
2.2. Possible impacts on the Paraná-Paraguay Waterway 
 
Ponce (1995) published a study titled as “Hydrologic and Environmental Impact of the 
Paraná-Paraguay Waterway on the Pantanal of Mato Grosso, Brazil,” where he conducted a 
comprehensive analysis of the hydrologic and environmental impacts that could arise to the 
Pantanal wetland if a navigation project for the Paraná-Paraguay waterway is developed. The 
waterway project called “Hidrovía” comprises improvements in the main channel such as 
channel straightening, dredging, and blasting of rocky sills to make the river accessible for 
vessels capable of ocean navigation. The project limits starts near the headwaters in a place 
called Cáceres in Brazil up to a place called Puerto Palmira in Uruguay. This means that the 
project includes almost the entire reach of Paraguay River and the reach of the Paraná River that 
8 
 
starts at Confluencia until reaching the La Plata River, at the confluence of the Paraná and 
Uruguay Rivers. The author concluded that a channel straightening will increase the flood peaks 
due to the river reach shortening of the flow path; dredging sandy material to deepen the river 
bed will not produce a long lasting result due to the natural trend of the river to change its bed, 
and the removal of rocky sills could lead to permanent changes in the hydrology and hydraulic 
aspects of the river that are not reversible, hence it will bring losses of water, sediment, and 
nutrients that will be detrimental to the Pantanal ecosystem.  
 
2.3. Impacts on the Pantanal floodplains 
 
Another study introduced by Hamilton (1999) evaluated also the waterway “Hidrovía 
Paraná-Paraguay” project. The author assesses the possible impacts on the Pantanal floodplains 
due to river channel modifications which could lead to a higher flow conveyance during flooding 
seasons, and the decrease in river levels that could probably decrease the duration and extent of 
the floodplain inundation in the Pantanal area. Hamilton (1999) took into account results from a 
study by TGCC (1996) that concluded that the waterway project modification could lead to a 
decrease of less than 10 centimeters in the river water levels. Therefore, the author studied the 
potential impacts on the ecosystems adjacent to the river if water level and floodplain reductions 
took place. The study showed that decreases in river levels bring reductions in the flooded area 
and by comparison of high and low water, during low water the reduction is more important, 
which is crucial to maintain the life in the river ecosystem.  
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2.4. Highest flows of the Paraguay River 
 
An analysis of the highest flows of the Paraguay River was introduced by Barros et al. 
(2004), by studying the data of the Asuncion gaging station in Paraguay and Ladário gaging 
station located in Brazil. The last station is located just downstream of the Pantanal area, in 
which assessments have revealed that the major discharges were originated in the Middle and 
part of the Upper Paraguay River Basin, thus stating that the peak flows are not related to the 
discharges that originated in the Pantanal wetland. The reason for this unlinked relation is that 
the rainfall forcings of the Upper and Middle Paraguay River Basin are different from the 
Pantanal area.  
 
2.5. Hydrodynamic model of the Paraguay River 
 
The activities that the Ministry of Public Works and Communication of Paraguay 
(MOPC) was conducting regarding a Multipurpose Environmental and Hydrological Monitoring 
Center (CMMAH) in partnership with the Compagnie Nationale du Rhône (CNR) (MOPC, 
2005) were presented at the Water Resources Paraguayan Conference in 2005. In its first phase 
the aim was to develop a center to capture, broadcast, and process agro-meteorological and 
hydrological data. The second phase consisted in implementing a hydrodynamic model of the 
Paraguay River between Bahía Negra and its confluence with the Paraná River to run simulations 
for levels predictions related to flooding and droughts.  The hydrodynamic model was linked to 
hydrological model that run simulations of 5 sub-basins of the MPRB. For this hydrodynamic 
model, the survey of cross sections was executed with a spacing of 10 kilometers between the 
confluence with the Apa River and Asunción, however, cross sections surveying for the reach 
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upstream of the Apa River confluence and downstream Asunción was not executed. Finally, for 
the floodplain topography characterization, they considered an extension of up to 80 kilometers 
in total width utilizing available numerical terrain models. 
 
2.6. Coupled rainfall-runoff model of the Upper Paraguay River Basin 
 
Another study involving a coupled rainfall-runoff and a hydraulic model study was 
presented by Bravo, Allasia, Paz, Collischonn, and Tucci (2012) whose approach consisted in 
implementing the hydrologic model MGB-IPH and a hydraulic flow routing 1D model using 
HEC-RAS for the Upper Paraguay River Basin. The MGB-IPH is a distributed large-scale 
hydrologic model that they implemented for a drainage area of the UPRB of approximately 
600,000km2 and the 1D HEC-RAS model involves approximately 4,800 kilometers of river 
reaches. For the MGB-IPH the hydrologic characterization such as river network was utilized the 
SRTM-90 DEM of 90m of resolution , and for the hydraulic model HEC-RAS the SRTM-90 
DEM was used for the floodplain and merged with detailed profiles of the main channel cross 
sections. The calibration of the hydraulic model was performed by adjusting the Manning’s n of 
27 main channels of the modeled river reaches. The final result of this study was that with 
Manning’s coefficients ranging from 0.02 to 0.035 for the main channel and 0.04 to 0.2 for the 
floodplain, the simulations were satisfactorily representing the rainfall-runoff process and the 
hydraulic routing. Furthermore, they concluded that the hydrological model MGB-IPH was 
simulating appropriately the UPRB behavior since the simulated flows were similar to the 
measured flows.  
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2.7. HEC-RAS  
 
Having mentioned the most relevant publications in the field related to this case study, 
the following will introduce some of the main capabilities of the HEC-RAS version 4.1.0 
program which is the modeling software that was implemented in this effort. This software was 
developed by the Hydrologic Engineering Center (HEC), and its package is named River 
Analysis System (RAS). It performs one-dimensional (1D) steady and unsteady flow river 
hydraulic computations. The main components of the software are (USACE, 2010b): 
• Steady flow water surface profile computations 
• Unsteady flow simulation 
• Movable boundary sediment transport computations 
• Water quality analysis 
 
The latest release of HEC-RAS is the version 5.0 which has two-dimensional unsteady 
flow river hydraulic computation capabilities, but this was no implemented in this study.  
 
Another package that was used in this study is the HEC-GeoRAS which is an extension 
program that works in the ArcGIS 10.2.2 environment, and takes advantage of several of its 
geoprocessing tools. It processes geospatial data that are the input data for HEC-RAS. The main 
capabilities of this extension are the creation of import file that contains the geometry data from 
surface TIN, and processes the computation results from HEC-RAS to visualize depths and 
boundaries of water surface profiles (USACE, 2012).  
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CHAPTER 3 
METHODOLOGY 
3.1 Study area and data 
 
The study area comprised a section of the Paraguay River that starts at the Porto 
Murtinho station, Brasil, and ends at the Asunción´s port in Paraguay. The modeled river section 
length is approximately 635 kilometers, and it corresponds to a portion of the MPRB river stretch 
since it does not reach all the way to the Tebicuary River confluence. In this reach there are three 
important gaging stations (Figure 2), the Porto Murtinho, Concepción and Asunción, whose gage 
height data were used for statistical analysis.  
 
Figure 2. Utilized fluvial stations. 
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In order to prepare the bathymetry for this study, the Brazilian Navy’s nautical charts that 
starts at the chart number 3300 and ends at the chart number 3336 (Marinha do Brasil, 2007) 
were digitized into vector format in the Universal Transverse Mercator (UTM) coordinate system 
Zone 21 WGS84, using ArcGIS software, where the features (points, lines, and polygons) have  
as attributes the water depth, as it is shown in the nautical charts. The water depth is measured 
from the water surface level, which is the reference level that remains at least 90 percent of the 
time. Since the last update of the nautical charts was the year 2007, it was assumed that the 
reference level was estimated using the gage height data until the year 2007. Because the charts 
considered are referenced to the Asunción, Concepción and Porto Murtinho gaging stations to 
compute the levels, the data for these stations were analyzed statistically by performing an 
exceedance probability analysis described by the following equation: 
 P = 100
1
M
N
×
+
  (1.1) 
Where: 
P: exceedance probability  
M: ranking, from highest to lowest of all the data 
N: total number of data 
 
After performing the computations, the water depth level that corresponds to the 90 
percent was added to the gage zero datum in order to obtain the water level stage at the gaging 
station point. Then, the scaling was performed by assuming that the water surface level can be 
characterized as a sloping plane as depicted in Figure 3.   
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Figure 3. Sketch of water surface plane between stations. 
 
Each plane equation can be defined by three points: two points are real coordinates that 
corresponds to the gaging stations, and one coordinate is a random point near the gaging station 
with the same stage that corresponds to the closest station. With these three points is possible to 
define a plane between each station by doing the cross product of the points presented in Table 2 
and the corresponding datum for each station presented in Table 3. 
Table 2. Points coordinate for plane equation (WGS84). 
Tag Name x (m) 
y 
(m) 
z 
(m)* 
A Asunción 435,423.1 7,204,340 55.04 
B Concepción 453,661.9 7,411,542 65.87 
C Porto Murtinho 407,750.0 7,599,933 72.89 
D (A’) Asunción 435,026.1 7,204,556 55.04 
E (B’) Concepción 453,737.2 7,411,689 65.87 
*(water level stage 90% occurrence frequency) 
 
  
Station A 
Coordinate 
Station B 
Coordinate 
WSL 
WSL 
Station A’ 
Coordinate 
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Table 3. Fluvial Stations along Paraguay River in the Paraguay territory (Basabe, 1998). 
Station First Installation 
Datum 
(m) 
Maximum Recorded 
Height 
(m) 
Stage 
(m) Date 
Return 
Period 
(years) 
Bahía Negra 1931 76.69 6.95 83.64 6/13/1982 59 
La Victoria 1937 70.26 8.66 78.92 6/24/1988 58 
Concepción 1927 64.42 8.66 73.08 5/20/1992 - 
Rosario 1931 58.34 8.20 66.54 5/22/1997 - 
Asunción 1912 54.04 9.01 63.05 5/29/1983 86 
Villeta 1934 52.86 8.94 61.80 5/30/1983 - 
Guyratí 1970 51.32 9.9 61.22 5/29/1983 - 
Pilar 1931 46.46 10.05 56.51 5/29/1983 58 
 
The Porto Murtinho gaging station has as datum of 70.75 meters (ANA, 2016; DNOS, 
1974) and a maximum level recorded of 9.71 meters on June 26th 1982 (ANA, 2016).  
 
The cross product was performed by the following vectors to find the normal vector n  of 
each plane: 
 
1 1 1 1
2 2 2 2
n AB AD i ka b j c
n BC BE a i b j c k
= × = + +
= × = + +
  



  
 

  (1.2) 
 0 0 0( ) ( ) ( ) 0a x x b y y c z z− + − + − =   (1.3) 
Using the results from the expression (1.2) in (1.3), where 0 0 0( , , )x y z are the coordinates 
of the gaging stations, the plane equation should take the form of the expression (1.4), where d is 
a scalar, and the normal vector is ( , , )n a b c=   
 ax by cz d+ + =   (1.4) 
The equation that describes a plane between the stations was derived in order to find the 
new water level stages. Then, each digitized point could be scaled in the reference system of the 
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gaging stations. Finally, the elevation of each point was computed by subtracting the depth from 
the scaled water level whose results represents the river bottom elevations.  
 
Scaling equation for the Asuncion-Concepcion reach is given by: 
 
2334.467 4298.973 27244375878.037
86180461.716
x yz − − +=
−   (1.5) 
Scaling equation for the Concepcion-Porto Murtinho reach is given by: 
 
1031.269 527.915 2067348909.446
20911953.797
x yz − − +=   (1.6) 
 
Also, the polylines that represent isobaths were converted into points in order to be able 
to scale this feature with a consistent slope of the river bottom. Finally, the points were utilized 
to construct a Triangulated Irregular Network (TIN) of the river bathymetry and the polyline that 
describes the river boundary was set as a hard clip polygon that allowed interpolating exclusively 
within that boundary.  
 
The terrain information is the SRTM-90 DEM processed by CGIAR (Jarvis, Reuter, 
Nelson, & Guevara, 2008), which is originally in Geographic Coordinate System (GCS) and was 
re-projected into UTM WGS84 in order to be consistent with the river bathymetry coordinate 
system. The same river boundary polygon utilized in the TIN creation (hard clip feature) was 
utilized to erase the surface information of the river that the SRTM-90 DEM contained in the 
polygon. After performing these procedures, both data sets, the SRTM-90 DEM and bathymetry 
were merged to obtain the topography and bathymetry (topo-bathymetry) information of the 
Paraguay River.  
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Within the ArcGIS environment, the HEC-GeoRAS tool was used to create RAS layers 
such as the Stream Centerline, Bank Lines, Flow Path Centerlines and XS Cut Lines (Cross 
Section Lines). The tool allows adding the Stream Centerline Attributes, such as the topology, 
lengths, stations, and elevations. Also, it can compute the XS Cut Line attributes, such as the 
river and reach names, stationing, bank stations, downstream lengths and elevations. Finally, all 
of this information was exported to HEC-RAS to create the Paraguay River geometry in the 
model. 
 
3.2. Cross section spacing 
 
Before setting the cross section locations, the spacing ( x∆ ) was analyzed and was 
performed by taking into consideration the following equation from Samuels (1989): 
 0.15
O
Dx
S
∆ =   (1.7) 
where D is the bankfull depth in meters, and S0 is the bed slope.  
 
The bankfull depth is the river capacity that corresponds approximately to the mean 
annual flood which is the flow discharge that is exceeded once in two years (Roberson, Cassidy, 
& Chaudhry, 1998), therefore the probability of exceedance expressed by the equation (1.1) was 
taken into consideration to find the corresponding depth.  
 
The records from Asunción, Concepción and Porto Murtinho were analyzed to obtain 
statistical parameters such as the mean, standard deviation and the skewness, and to perform a 
frequency analysis.  
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For the station at Asunción, the daily mean water level that corresponds to the period of 
January 1st 1904 until December 31st 2014 was obtained from the National Administration of 
Navigation and Ports from Paraguay (ANNP), and for the whole year of 2015 from the National 
Water Administration (ANA) of Brazil. For the station at Concepción, the daily mean water level 
that corresponds to the period of October 7th 1909 until December 31st 2014 was obtained from 
ANNP and for the whole year of 2015 from ANA. For the Brazilian gaging station at Porto 
Murtinho, the data that correspond to the period of January 1st 1939 until December 31st 2007 
were obtained from ANA.  
 
For the Asunción station there is a depth-discharge rating curve equation available which 
corresponds to the one used by the ANNP and is expressed as follows: 
 
 2 3885 774.059 76.563 13.7967Q H H H= + − +   (1.8) 
where,  
Q: flow discharge (m3/s) 
H: gage height (m) 
 
This rating curve (1.8) was used to compute the flows from measured levels and to 
perform the frequency analysis for Asunción station. 
 
Figure 4, Figure 5, Figure 6, and Figure 7 are showing the obtained data plots for the 
mentioned stations. 
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Figure 4. Asunción Gage Height Data from 1904 to 2015. 
 
Figure 5. Asunción Flow Discharge Data from 1904 to 2015. 
 
Figure 6. Porto Murtinho Gage Height Data from 1939 to 2007. 
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Figure 7. Porto Murtinho Flow Discharge Data from 1939 to 2007. 
3.3. Hydrologic Statistics 
3.3.1. Frequency Analysis 
 
Since the hydrodynamic model requires input data, flows and stages were used to 
perform the simulations. There are several approaches to run simulations, for example, by 
introducing hydrographs data, another approach is to simulate flows by return period or select 
certain heights and flows to analyze a specific event. The approach used in this study is to make 
a frequency analysis for the mentioned stations by using frequency factors and to compute the 
design flows in order to use them as inputs. Therefore, the following sections explain the 
methodology of the frequency analysis, mainly described by Chow (1988), which was engaged 
in this study. 
 
If the magnitude of a hydrologic event is Tx , then its mean µ  and its departure Tx∆  of 
the variate from the mean can be expressed in the following expression: 
 T Tx xµ= + ∆   (1.9) 
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The expression Tx∆ is the product of the standard deviation s and a frequency factor TK .  
Then the equation (1.9) is approximated as,  
 T Tx x K s= +   (1.10) 
Thus, the above expression can be applied to probability distributions and hydrologic 
frequency analysis. 
 
In order to do the frequency analysis, first is necessary to compute the statistical 
parameters by the methods of moments. The method of moments has three moments, and it is 
represented by the following expressions: 
First Moment, or the mean,  
 
1 1
1n ni
i
i i
x x x
n n= =
= =∑ ∑   (1.11) 
Second Moment, which is the standard deviation,  
 ( )22 E xσ µ = −    (1.12) 
Third Moment or the coefficient of skewness, 
 
( )3
3
E x µ
γ
σ
 − =   (1.13) 
By having all the parameters stated above, the frequency analysis can be done.  
 
3.3.2. Extreme-value Type I Distribution  
For this distribution the skewness has a constant value of 1.139, while there are two 
parameters that need to be calculated as follows, 
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 N
yu x
α
= −   (1.14) 
 
1
N
s
α σ
=   (1.15) 
Where u  is the mode, 
1
α
is a scale parameter, x is the sample mean, s is the standard deviation, 
Ny and Nσ are functions of N , which is the number of samples. The values of Ny and Nσ  are 
tabulated and can be found in the table 6.2.3 from Gumbel (1958). 
 
The fitting straight line is computed by the following equation, 
 T
yx u
α
= +   (1.16) 
Where,  
 ln 2.303logy T T= =   (1.17) 
where T is the return period in years (Riggs, 1968).  
 
3.3.3. Log-Pearson Type III Distribution 
 
The Log-Pearson Type III distribution requires the logarithmic computation of the data, 
logy x= , then equations (1.11), (1.12) and  (1.13) are utilized for the computed logy x=  
values. 
When T0,  KCs z= = ,  
Cs= Skewness Coefficient 
and when 0,  Cs ≠  
23 
 
 2 3 2 2 3 4 5T
1 1K ( 1) ( 6 ) ( 1) ,  6
3 3 s
z z k z z k z k zk k k C= + − + − − − + + =   (1.18) 
 
Then the equation (1.10) is expressed as, 
 T T yy y K s= +   (1.19) 
 
With the results computed by equation (1.19) the final result is found by applying the 
antilog of Ty . 
3.3.4. The Goodness of Fit 
 
The 2χ for frequency function is used for the Goodness of Fit test. It was performed for 
both mentioned probability distribution by comparing the theoretical and measured values.  
 
The relative frequency function is defined by, 
 ( ) is i
nf x
n
=   (1.20) 
where in is the number of observations in the i interval,  
 1( ) ( ) ( )i i ip x F x F x −= −   (1.21) 
for which ( )F x is the cumulative probability  ( )P X x≤ . 
 
Therefore the frequency function 2χ  is expressed as, 
 
[ ]22
1
( ) ( )
( )
m
s i i
c
i i
n f x p x
p x
χ
=
−
=∑   (1.22) 
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where m  is the number of intervals. 
The probability distribution for the 2χ test is described by the ν degree of freedom which 
is defined by the distribution for the sum of squares of ν independent standard normal random 
variables iz . 
 2 2
1
i
i
z
ν
νχ
=
=∑   (1.23) 
where 1m pν = − − , m is the number of intervals, p is the number of parameters in the fitting 
distribution, which for this study is 2, the mean and the standard deviation.  
 
For this distribution it is also necessary to have a confidence level that is defined as1 α− , 
where α is the significance level. The confidence level was 95% which, according to Chow 
(1988), this is a typical value to be used in hydrologic frequency analysis. Taking into account 
the null hypothesis, it is assumed that the probability distribution fits appropriately the data, 
otherwise is not accepted if the value of 2cχ is larger than a value, 
2
,1ν αχ − , which is defined by 
2χ
distribution with ν  degrees of freedom. 
 
3.4. Hydraulic considerations  
 
The previous section mentioned the methodology of frequency analysis for the flow that 
was used to generate the input for the hydrodynamic modeling software. In this section the 
hydraulic considerations and the governing equations that are taken into account in the software 
and are explained in USACE (2010a) will be described. Also the conceptual model will be 
explained as well as the boundary conditions for the simulation conditions.  
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In this study a one-dimensional, steady, gradually-varied flow analysis was conducted for 
a natural channel, which is the Paraguay River. The basic equation for the water profile 
calculations is the energy equation between two cross sections (Chow, 1959). For this purpose, 
the standard step method was used with an iterative numerical method to converge to the 
solution. 
 
3.4.1. Energy Equation 
 
The energy equation is defined as, 
 
2 2
2 2 1 1
2 2 1 1 Z Y 2 2 e
a V a VZ Y h
g g
+ + = + + +   (1.24) 
Where, 
 
 Z : Elevation of the main channel bottom 
 Y : Depth of water at cross sections 
 V : Average velocity 
 a : Velocity weighting coefficients 
 g : Gravitational acceleration 
e h : Energy head loss 
 
The term referring to the energy head loss is computed between two cross sections and 
takes into account the friction, contraction and/or expansion losses, and is defined as, 
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2 2
2 2 1 1    -
2 2e f
a V a Vh LS C
g g
= +   (1.25) 
where,  
 L : Discharge weighted reach length 
 fS : Friction slope between two cross sections 
 C : Contraction or expansion loss coefficient 
 
The term  L in equation (1.25) is computed as follows, 
 lob lob ch ch rob rob
lob ch rob
L Q L Q L QL
Q Q Q
+ +
=
+ +
  (1.26) 
where, 
, ,lob ch robL L L : cross section reach lengths.  
lob ch robQ Q Q+ + : average of the flows between sections. 
 
 
3.4.2. Kinetic Energy considerations 
 
Due to the purpose of this study, to perform a one-dimensional water surface profile 
computation, it was executed for only a single water surface profile therefore a single mean 
energy for each cross section. For the energy computation is taken into account the flow 
weighted energy from the left and right overbanks and the main channel.  
 
27 
 
The simplest expression to compute the velocity coefficient of the conveyance within the 
cross section is as follows: 
 
( )
3 3 3
2
2 2 2
3
lob ch rob
t
lob ch rob
t
K K KA
A A A
a
K
 
+ + 
 =   (1.27) 
where,  
tA : total flow area of the cross section 
, ,lob ch robA A A : flow areas of the subdivision within the cross section 
tK : total conveyance of the cross section 
, ,lob ch robK K K : Conveyances of the subdivisions within the cross section 
 
3.4.3. Cross Section computations 
 
In order to calculate the water surface profile for the entire cross section including the 
channel itself and the floodplain, HEC-RAS utilizes a scheme subdividing the cross sections into 
units, where the velocity is distributed uniformly. This subdivision is made by dividing the cross 
section and the overbank into subsections and assigning different Manning’s n value where these 
n values change. The Manning’s equation for this computation is as follows: 
 1 2 fQ KS=   (1.28) 
 2 3
1 (SI units)K AR
n
=   (1.29) 
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where, 
K : Conveyance for subdivision 
n : Manning’s roughness coefficient for subdivision 
A : flow area for subdivision 
R : Hydraulic radius for subdivision (area/wetted perimeter) 
 
Then, the conveyance comprised by all the subsections from the overbanks, left and right, 
is being summed up with the conveyance of the single composite Manning’s n main channel. 
Although HEC-RAS is capable of performing channel composite Manning’s n computation, for 
the purpose of this study, it was not taken into account.  
 
The friction loss is defined as  fLS which terms can be found in equation (1.25) and 
(1.26). The term known as the friction slope is defined as follows 
 
2
 f
QS
K
 =  
 
  (1.30) 
which comes from equation (1.28). 
 
The scope of this study was determined by the boundary conditions in the simulations, 
and the availability of the gathered data. Since the approach is to perform simulations and 
prepare a functional hydraulic model, the hydrologic simulations for the entire basin and sub-
basins that provide flow discharges to the Paraguay River was not engaged. Therefore, the flows 
that are taken into account are the results from the frequency analysis, design flows for Porto 
Murtinho, and its corresponding stages computed with the existing rating curve from Asunción 
29 
 
gaging station. It was assumed that there is no flow exchange from sub-basins or ground water, 
and as a result, the flow that is entering at the upstream end is conserved at the downstream end 
(Figure 8). Furthermore, interaction such as inflow or outflow from groundwater is not modeled.  
 
 
 
 
 
 
Figure 8. Conceptual model of the Paraguay River in HEC-RAS. 
 
The simulation scenarios that were executed are the calibration run, in which the real 
flows that are similar to the design flows for Porto Murtinho gaging station was used, and its 
corresponding stages at the Asunción gaging station. The second scenario was the simulation of 
design flows, for each return period and analysis of its floodplains. 
 
The calibration run consist of a simple procedure, that is to test first a Manning’s n value 
and check if the simulated stages corresponds to the measured stage at the upstream end of the 
reach. The calibration is evaluated by computing the percentage errors between the measured 
stages and the simulated stages. Figure 9 shows the scheme that was utilized in order to calibrate 
the model. 
 
Inflow Outflow Paraguay River 
Qin=Qout 
Porto Murtinho Asunción 
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Figure 9. Calibration procedure. 
 
 
 
 
  
Use Manning’s n from existing 
tables for natural channels and 
floodplains 
Run the simulations 
Verify the stages at the selected 
upstream cross section 
Check if the stage is within an 
acceptable or defined threshold 
YES NO 
END 
Change Manning’s n 
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CHAPTER 4 
RESULTS 
4.1. Topo-Bathymetry and Geometry Data 
 
The first step to build the model was the digitization and scaling of the available 
navigation chart for the Paraguay River in the reach that starts at Porto Murtinho and ends at 
Asunción. It was utilized 36 digital georeferenced in UTM raster navigation charts and digitized 
into vector format (polygons, polylines and points) ArcGIS shapefile format (Figure 12 B). Then 
it was organized into two groups that correspond to the reach that starts at Porto Murtinho and 
ends at Concepción, and the second is the reach that starts at Concepción and ends at Asunción. 
This was made mainly to use the two derived plane equations to scale the depth points and 
compute the real bathymetric elevations. Also the derivation into two planes was due to the 
existence of a consistent water level stage record at the three mentioned stations for which it was 
possible to make the probability distribution and compute the level that remains at least 90% of 
the time.  
 
As it is shown in the frequency distribution for the reach from Porto Murtinho to 
Concepción in Figure 10 (from ArcGIS), the total amount of points that was digitized is 4853, 
with a minimum of 0 m, a maximum of 19.7 m and an average of 3.66 m.  
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Figure 10. Depth Frequency Distribution for Porto Murtinho – Concepción Points. 
 
The frequency distribution for the reach from Concepción to Asunción is shown in Figure 
11 (from ArcGIS) with a total amount of digitized points of 5936, with a minimum of 0 m, a 
maximum of 22.9 m and an average of 3.62 m. 
 
Figure 11. Depth Frequency Distribution for Concepción – Asunción Points. 
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 A. 
 B. 
Figure 12. A: Overlay of the navigation chart and the digitized points. B: Overlay of the 
digitized points and satellite imagery (depth points are in meters). 
 
The next step after adding the depth attributes to the points was to scale the elevation that 
corresponds to their position based on the derived plane equations. The depth was then 
subtracted from the water level stage in order to obtain the bathymetry scaled elevation. Also, the 
vertexes of the polylines and polygons that represent the isobaths (without slope) were 
transformed into points in order to scale their elevations with the river bottom slope. At the same 
time, the SRTM DEM raster was converted into data points with elevation data as attribute and 
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stored as an ArcGIS shapefile. Having all the data into a consistent geographic framework, the 
UTM Zone 21S WGS84 system, it was possible to generate a surface TIN. Four versions of the 
generated surface TINs were kept.  
• The first version is the surface TIN generated with the given points and it is 
shown in Figure 13 A and in the Appendix B Figure 25.  
• The second is the raw surface TIN merged with the SRTM-DEM TIN and it is 
shown in Appendix B Figure 26. 
A. 
B. 
Figure 13. Image A: Raw Surface TIN generated using navigation chart depth data.  
Image B: Surface TIN manually modified from Raw S.TIN (Image A). 
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• The third version surface TIN is the first modified where the unconnected points 
were manually forced to be connected by 3D interpolation with the nearest point 
that could make the closest representation of a real bathymetry and it is shown in 
Figure 13 B and in the Appendix B Figure 27. 
• The fourth version is the modified surface TIN (version 1) merged with the 
SRTM-DEM TIN and it is shown in the Appendix B Figure 28. 
 
The third version TIN was used to extract the cross sections that were used in the HEC-
RAS software. For this purpose it was not necessary to use the fourth TIN since the cross 
sections are drawn at locations where the user prefers, which was the most representative section 
of the river. The fourth version was used in post processing of the results where the visualization 
of the flow and depth are necessary to be shown with smooth transitions. The third TIN was used 
as input data in the ArcGIS environment for the HEC-GeoRAS extension which generates all the 
necessary files to develop a model in HEC-RAS. The river centerline, flow path centerlines, 
bank lines, cross section cut lines and the ineffective area were generated in ArcGIS with the aid 
of the HEC-GeoRAS extension. As a result, 204 cross sections were generated for the model, 
including ineffective flow area information and elevation data extracted from the surface TIN 
along 635,428.32 meters or 635 kilometers of the Paraguay River, in the reach between Porto 
Murtinho and Asunción, with an average slope of 0.00004 m/m or 4cm/km. 
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4.2. Hydrologic Statistics 
4.2.1. Exceedance Probability 
The exceedance probability was mainly computed in order to characterize the river 
behavior and identify the permanence level of 90%.  
 
Table 4. List of analyzed stations. 
Station Parameter Available Period Source 
Asunción Height and Flow 01/01/1904 to 31/12/2015 ANNP, ANA 
Concepción Height 10/07/1909 to 31/12/2015 ANNP, ANA 
Porto Murtinho Height and Flow 01/01/1939 to 12/31/2008 ANA 
 
Being that one of the objectives to compute the exceedance probability was to find the 
permanence level of  90%, based on the navigation chart that was updated on the year 2007, this 
calculation was done up to that same year for all the stations which are shown in  
Table 4. The results are shown in the Table 5 and Figure 14, Figure 15, and Figure 16. 
Table 5. Exceedance probability of analyzed stations. 
Station 
90% of exceedance  
probability level 
(cm) 
Period 
Asunción 100 1904 to 2007 
Concepción 145 1909 to 2007 
Porto Murtinho 214 1939 to 2007* 
* with the exception of the period of 1970 to 1979 due to inconsistencies 
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Figure 14. Exceedance Probability Plot for Asunción Station. 
 
 
Figure 15. Exceedance Probability Plot for Concepción Station. 
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Figure 16. Exceedance Probability Plot for Porto Murtinho Station. 
 
The flow duration curve for Asunción was plotted using the provided rating curve (1.8) 
and is shown in Figure 17.  
 
 
Figure 17. Flow Duration Curve for Asunción Station. 
 
In order to derive an expression for the rating curve at Porto Murtinho, the entire data 
was used with the exception of the period of 1970 to 1979 due to inconsistencies.  
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 229.063 364.28 229.89Q H H= + +   (1.31) 
where,  
Q: flow discharge (m3/s) 
H: gage height (m) 
 
The rating curve was found by fitting graphically the measured data with a polynomial 
trend line. The FDC results for Porto Murtinho is shown in Figure 18. 
 
 
Figure 18. Flow Duration Curve for Porto Murtinho Station. 
 
The Concepción station does not have any flow measurements; therefore it was not 
possible to derive a rating curve equation.  
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4.2.2. Frequency Analysis 
 
Table 6 is showing the results for the frequency analysis by performing the Extreme 
Value Type I (Gumbel) and Log-Pearson Type III for Asunción and Porto Murtinho stations. 
 
Table 6. Frequency Analysis for Asunción and Porto Murtihno. 
 
Asunción Porto Murtinho 
Return 
Period T 
(years) 
Gumbel 
Q (m3/s) 
Log-Pearson 
Type III 
Q (m3/s) 
Gumbel 
Q (m3/s) 
Log-Pearson 
Type III 
Q (m3/s) 
1,000 14,766.70 16,801.75 9,586.84 10,661.54 
500 13,701.86 15,423.65 8,892.19 9,858.44 
400 13,359.06 14,990.35 8,668.57 9,603.74 
300 12,917.11 14,438.72 8,380.26 9,277.84 
200 12,294.22 13,673.92 7,973.92 8,822.77 
150 11,852.27 13,139.72 7,685.62 8,502.54 
125 11,572.18 12,804.55 7,502.90 8,300.55 
120 11,509.47 12,729.85 7,461.99 8,255.41 
110 11,375.80 12,571.03 7,374.79 8,159.31 
100 11,229.38 12,397.68 7,279.27 8,054.20 
75 10,787.43 11,878.18 6,990.97 7,737.72 
50 10,164.54 11,154.50 6,584.63 7,293.01 
25 9,099.71 9,934.69 5,889.98 6,532.20 
20 8,756.90 9,544.79 5,666.36 6,285.72 
10 7,692.07 8,332.08 4,971.71 5,507.57 
5 6,627.23 7,090.25 4,277.06 4,690.04 
2 5,219.59 5,256.93 3,358.79 3,435.91 
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4.3. HEC-RAS implementation 
 
Up to this section, the process and results obtained were described for the bathymetry of 
the Paraguay River and the design flows from the gaging stations data base. These results 
comprise the main inputs for the HEC-RAS modeling software.  
 
The topo-bathymetry data were processed using HEC-GeoRAS extension packet for 
ArcGIS, and were used to create the layers that define the geometry of the river. 
 
The stream centerline is a 3D shapefile that contains the slope information, because it has 
the starting and ending point (x,y,z) coordinates. Two lines were created that define the bank 
lines of the Paraguay River which corresponds to the water level that has a permanence of at 
least 90% of the time. The flow path centerline is defining the path of the flow for the cases in 
which the river overflows the bank limits, so two main lines for each margins were created. Then 
it was set to determine cross section lines every 3100 meters in average totalizing 204 cross 
sections in a reach length of 635 kilometers which are shown in Figure 19 (from ArcGIS) and 
Figure 21 (from HEC-RAS). The length of the cross sections was defined taking into account the 
extension of the flooded area with regards to the design flow. Figure 20 (from ArcGIS) is 
showing the characteristics of all the cross sections in which the minimum length is 20km and 
the maximum reaches up to 79km with an average of 43km.  
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Figure 19. HEC-GeoRAS Features Layout Along the Modeled Reach of the Paraguay 
River. 
 
 
Figure 20. Cross sections characteristics. 
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Figure 21. Geometry Data in HEC-RAS. 
 
The length of the cross sections sets two aspects in the model, the boundary of the 
probable flooding area, and the ineffective flow area. It was taken into account the concept of 
ineffective flow area from the HEC-RAS user’s manual (USACE, 2010b) in order to define the 
areas that are flooded by the river but not effectively conveyed. As a result, two main polygons 
were created that define the ineffective flow area in each margin. These polygons have as limits 
the boundaries defined by the ending points of the cross sections and the boundaries defined by 
the bank lines, therefore the ineffective flow area limits with the bank lines and both ends of the 
cross sections.  
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The model was imported to HEC-RAS and then the cross sections reedited, since the 
imported cross sections far exceeded the allowable amount of points for each cross section. The 
cross section point filter tool was configured to minimize the area change and set to filter down  
the number of points up to 500, which is the maximum number allowed by the software. An 
example of a cross section is shown in Figure 22. 
 
 
Figure 22. Cross Section Example from the Model. 
 
The next step consisted of setting the Manning’s n, that for this model it was assumed 
that there are 3 main well defined sections of different Manning’s n. Two sections that 
correspond to the floodplains were set to have an initial n value of 0.04 and the main channel an 
initial value of 0.03 that are referred to the Table 5-6 of Manning´s n from Chow (1959). The 
calibration finally decided if these values were needed to change or be kept.  
 
After finishing the edition of the geometry file, the flow was configured and saved in 3 
files:  
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• The first file corresponds to the flows that were utilized to calibrate the model. 
These flows correspond to the most significant values registered at the Porto 
Murtinho station and their corresponding level at the Asunción station which was 
calculated by using the given rating curve equation (1.8).  
• The second file corresponds to the design flows computed by the Gumbel 
distribution for the Porto Murtinho station and their corresponding level at the 
Asunción station computed by its rating curve equation (1.8).  
• The third file corresponds to the design flows computed by the Log-Pearson Type 
III distribution for the Porto Murtinho station and their corresponding level at the 
Asunción station computed by its rating curve. 
Finally, 3 simulation plans were created, which corresponds to each flow file.  
 
4.4. Simulation and Calibration results 
 
After defining the simulation plans, the next step was to run the simulations.  
For the first plan, the Table 7 is showing the flows that were used for the calibration. Taking into 
account the conceptual model, the flows that are entering at the upstream end at Porto Murtinho 
should be the same at the downstream end at the Asunción gaging station where the rating curve 
was developed. 
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Table 7. Calibration flows. 
Date 
Flow 
(m3/s) 
Porto Murtinho Asunción 
Height 
(m) 
Water 
Level 
Stage (m) 
Height 
(m) 
Water 
Level 
Stage (m) 
6/26/1982 6,465.291 9.71 80.46 6.50 60.54 
6/14/1982 6,286.971 9.51 80.26 6.38 60.42 
5/14/1988 5,507.208 8.61 79.36 5.81 59.85 
7/16/1959 4,693.583 7.62 78.37 5.12 59.16 
9/15/1974 3,435.75 6.49 77.24 3.75 57.77 
 
 
The second and third plans were configured in order to run the simulations with flows 
shown in the Table 12 and  
Table 16 
Table 16, which correspond to Porto Murtinho gaging station. The results of the 
simulations are presented in tables found in Appendix E. They were then exported as GIS data 
file format and imported to ArcGIS. The tool in HEC-GeoRAS called RAS Mapping were used 
to perform the post processing for inundation mapping to generate the water surface and 
floodplain rasters. The results are shown in Figure 23, Figure 24, and Appendix C, and reported 
in terms of design flow per return period which are 2, 5, 10, 20, 25, 50 and 100 years using the 
Gumbel distribution results at Porto Murtinho. 
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Figure 23. Floodplain Maps for the Simulated Reach in the Paraguay River per Return 
Period. A: 2 year. B: 5 year. C: 10 year. D: 20 year. 
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Figure 24. Floodplain Maps for the Simulated Reach in the Paraguay River per Return 
Period. E: 25 year. F: 50 year. G: 100 year. 
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CHAPTER 5 
 
DISCUSSIONS 
5.1. Topo-Bathymetry 
The topo-bathymetry of this model, which was created in TIN format, was generated 
using the navigation charts, which represent depths points and isobaths that are reduced to the 
90% permanence of water surface level of the river, in regards of selected stations. There are 
several limitations related to these measurements. The first one is that the accuracy and precision 
are not stated for the measurements of depths. The second is also the accuracy and precision in 
which the water levels were registered since these stations do not have automated level recorder 
and the task is left to be done to assigned personnel. Therefore it is difficult to state the accuracy 
and precision range in which these records and the interpolated TIN are based on. The third 
limitation is that the depth points are spaced between each other by more than 100 meters in a 
river that has in certain sections 600 meters of width, which means that the highest amount of 
points that could describe a cross section of the river is around 6 points. Although the surface 
was generated by an interpolation algorithm to obtain a TIN, this is clearly a limitation because 
the amount of points in a cross section is not the best approximation to reality and should be 
engaged in future studies of the Paraguay River main channel by making higher resolution 
surveys of the river bathymetry. Besides the limitations, the approach engaged in this study was 
already performed in previous studies conducted by Bravo et al. (2012), in which they used 
bathymetry data and merged with the SRTM-90 DEM, and a study conducted by Ruiz Diaz, 
Cabrera and López (2011), where the researchers derived a plane equation in order to utilize and 
scale navigation charts points to build a portion of the bathymetry of the Paraná River. 
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5.2 Statistical Analysis 
 
The statistical analysis of the data was performed by utilizing the raw records from the 
institutions in charge of recording and storing the data. For the purpose of this study, no filling of 
the missing data was done for the non-measured days.  
 
The estimation of the exceedance probability with regards to levels demonstrated to be a 
simple method in which a desired value could be found. The 90% of exceedance probability was 
the main target in this evaluation and showed the aid of this analysis results to be useful in 
finding one of the parameters that was needed to scale the river bottom depths points. The same 
procedure was followed in order to estimate a Flow Duration Curve (FDC), however this 
computation is only possible to be done with the Asuncion and Porto Murtinho stations since the 
Concepcion station does not have any flow measurements. Also the Gumbel and Log-Pearson 
Type III were found to be a simple way to estimate design flows for the Paraguay River for 
different stations. In order to reach to the results, three parameters were calculated: the mean, 
standard deviation and coefficient of skewness for flow discharge data. The first important aspect 
to see in the result is that the means are quite different between those two stations because their 
differences in the FDC showed that the river is showing different flow patterns and is clear that 
the flow contribution of the MPRB tributaries to the river is important. The increment in the flow 
registered at Porto Murtinho for a 2-year return period is around 52% at Asunción, which 
corresponds a change from 3358.79 m3/s to 5219.59 m3/s, for a 5-year return period the 
increment is 41% which corresponds to a change from 4690.04 m3/s to 6627.23 m3/s and for the 
rest of the return periods the increment is around 38% to 39%.  
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5.3 HEC-RAS model 
 
Several important steps were followed before obtaining the simulation model in HEC-
RAS. The amount of work accomplished in transforming the nautical charts into vector format in 
order to be used for the TIN interpolation is an important step that has to be recognized. The 
surface TIN which describes the topography and bathymetry of the study site is the main 
information from which the cross section for the HEC-RAS model relies on.  
 
Using the TIN, cross sections were extracted with spacing in average of approximately 
3,100 meters or 204 cross sections in the entire reach of 635 kilometers. Although equation (1.7) 
by Samuels (1989) suggests that a spacing of 13,500 meters is enough for an average depth of 
3.6 meters, and the hydraulic model by the CMMAH-CNR (MOPC, 2005) had cross sections 
with 10 kilometers of spacing (approximately between 55 to 60 cross sections in the reach), the 
proposed spacing for this study of 3,100 meters is reasonably better than previous studies since 
the simulation can be done for water depth in average of less than 0.9 meters, which is a level 
that is still well above the lowest depth record of the Paraguay River, but is important when 
performing drought studies. Therefore, the final HEC-RAS model has the capability to be used 
for very low flows as well, although the performance of the model simulations in this condition 
remains to be tested since the analysis of droughts is beyond the scope of this study.  
 
The limitations stated previously for the topo-bathymetry can be appreciated in the HEC-
RAS model, geometry editor, where the cross sections in some cases have points that are not 
showing a natural transition from the floodplain to the bottom of the river (shown in Figure 22). 
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Although filtering was performed, this algorithm does not contain a set of instructions that shape 
the cross section to follow a particular channel pattern. Taking into account this result, it is more 
important to pay attention to obtain more accurate information related to the main channel of the 
river and prepare better cross sections that approximates the field conditions.  
 
Having stated the previous aspects, the calibration of the model was performed by 
considering the conceptual model that states that the flow will be the same at the upstream end as 
well at the downstream end. This is a limitation that has to be approached in future studies since 
the statistical analysis showed very well that the MPRB is contributing with important flow 
discharges to the river. In the MPRB there are five important sub-basins which are the Apa, 
Aquidabán, Ypané, Aguaray-Guazú and the Jejuí river basins. The flow discharge information 
for these rivers was not obtained and since the hydrologic simulation was beyond the scope of 
this study, the estimation of flows was not executed. Considering the mentioned aspects, the 
calibration was accomplished with the results shown in Table 8. 
 
Table 8. Calibration Results at Porto Murtinho for the Paraguay River channel. 
 
Measured 
Water Level Stage 
 (m) 
Simulated Stages Percentage Error 
0.024 0.0245 0.025 0.026 0.024 0.0245 0.025 0.026 
80.46 80.18 80.28 81.91 81.78 0.3% 0.2% 1.8% 1.6% 
80.26 80.02 80.12 81.77 81.6 0.3% 0.2% 1.9% 1.7% 
79.36 79.31 79.41 81.02 80.95 0.1% 0.1% 2.1% 2.0% 
78.37 78.53 78.62 80.2 80.05 0.2% 0.3% 2.3% 2.1% 
77.24 77.17 77.25 78.64 78.5 0.1% 0.0% 1.8% 1.6% 
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The selected value of Manning´s n for the main channel is 0.0245 and for the floodplain 
was kept equal to 0.04, which is in range for a natural channel considering the Table 5-6 of 
Manning´s n from Chow (1959). Moreover, Bravo et al. (2012), in their calibration of the UPRB 
HEC-RAS model, found that the calibrated value of the main channel ranges from 0.02 to 0.035 
and from 0.04 to 0.2 for the floodplain which fell in the same range of n values. Because the 
model has limitations in the topo-bathymetry, a higher TIN resolution will change the calibrated 
n values and this is also supported by Paz, Collischonn and Tucci (2007), who mentioned that for 
the calibration process and a validation of a model, the agreement between the topography of the 
floodplain and the matching with the cross section are important to deliver results close to 
reality. Furthermore, Cunge et al. (1980) mentioned that if a model is being calibrated by 
selected values that are not consistent physically, it may pose some problems related to 
integration due to incorrect time step t∆  or the distance step x∆ is being too large. This issue 
was approached by taking into account the Samuels (1989) equation for x∆ spacing, therefore it 
can be said that this model was calibrated appropriately with physically consistent values that are 
in the range of suggested values in tables from Chow (1959).   
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CHAPTER 6 
 
CONCLUSIONS 
 
The final result of this study has several important outcomes. The topo-bathymetry is an 
essential product because it is the main source to obtain the cross sections and it is a crucial 
product that can serve at least as a first approach when data scarcity is significant and the study is 
being performed in a developing country territory (Bravo et al., 2012; Patro et al., 1980). 
Therefore gathering and preparing data that involves different sources and formats translates into 
an excessive time consuming task (Bravo et al., 2012). In light of this, the preparation of the TIN 
surface is the first valuable outcome of this study.  
 
The statistical analysis results represent another important and appreciable outcome due 
to the fact there is no record of this analysis since 2000 when the flooding map for the Paraguay 
River was done (UNA, 2000). The Gumbel and Log-Pearson Type III distribution for the 
selected station represents an update in a single data base with design flow estimation which can 
be used for several purposes. One of the purposes was to be used in this study to perform water 
surface level profile estimation along the river reach using HEC-RAS. The implemented 
distributions were verified with the Chi Square test, which showed that the Gumbel and Log-
Pearson Type III distribution for the Paraguay River fits the data appropriately and the null 
hypothesis cannot be rejected. As a result, the statistical analysis outcomes delivered as tables 
can be utilized as a first approach for later studies that are related to this river.  
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The HEC-RAS software showed to be a useful tool to implement a hydrodynamic 1D 
model for the Middle Paraguay River Basin with the aid of HEC-GeoRAS. Regardless of several 
limitations that can pose the final TIN topo-bathymetry surface of the river and the boundary 
conditions set for the flow discharge simulations where the sub-basins flows were not added, 
running the simulations only with the flow discharges registered at Porto Murtinho stations and 
maintaining such flows up to Asuncion, the final 1D model represents a valued outcome since up 
to date there is no known functional model available for the public in general. This model can be 
used to replicate and perform a new study in a similar manner that Bravo et al. (2012) performed 
for the Upper Paraguay River Basin and moreover it will supplement that research since this 
study is not a duplication of effort but it is a complementation of what is left to be done for the 
rest of the Paraguay River Basin.  
 
The water surface profiles, velocities at each cross section showed the behavior of the 
river along the simulated reach. This computation exported to HEC-GeoRAS demonstrated how 
the results can be processed and published as useful maps. The floodplain map is showing the 
extent of the floods at different design flows and also the depth distribution in space. An 
important decision support outcome by conducting this approach is when different data can be 
overlapped and made geographical analysis. The number of homes that can be affected by 
different return periods is also a valuable outcome that at a glance can be used to take action and 
prevent negative impacts.  
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RECOMMENDATIONS 
 
Further recommendations regarding this research include extending the evaluation of the 
Middle Paraguay River Basin by performing hydrologic simulations of the sub-basins that 
contributes to the Paraguay River flows. This study is far more extensive and time consuming 
depending on the selected approach, but at a minimum the flow and level data of each sub-basins 
should be gathered, also a land cover and land use estimation should be performed in order to 
obtain the parameters that describe the rainfall-runoff process and conduct hydrological 
simulations. The next step should be to perform the simulations in an unsteady state and to 
obtain time travel of flood waves and predict the time and permanence of a flooding episode. 
 
This thesis provides the foundation for future modeling efforts of the Paraguay River that 
will ensure proper management of this important waterway as well as the development of flood 
hazard maps for protection of riverine communities under risk of flooding.  
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APPENDIX A 
STATISTICAL ANALYSIS 
A.1 Method of Moments 
 
The method of moments was performed to estimate the flow data parameters for the 
Asunción and Porto Murtinho stations, though this estimation was not done to the Concepción 
station data since there is no flow data or a rating curve equation.  
Table 9 shows the results for the mentioned stations.  
Table 9. Method of Moments Parameters. 
Station Mean (m3/s) 
Standard 
Deviation 
(m3/s) 
Coefficient of 
Skewness Period 
Asunción 5,016.77 1,860.4 1.226 01/01/1904 to 31/12/2015 
Porto Murtinho 3,219.89 1,186.9 0.70 01/01/1939 to 12/31/2007 
 
A.2 Extreme-value Type I Distribution 
 
The extreme value Type I distribution (Gumbel) method was implemented in order to 
obtain design flows for several return periods, and used them as input for the hydrodynamic 
model.  
For Asunción the parameters for Gumbel distribution are as follows: 
0.5611Ny =  
1.211Nσ =  
153 241 6.α =  
Table 10 shows the Gumbel distribution computation results for the Asunción station. 
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Table 10. Gumbel distribution for Asunción Flows. 
Return  
Period T 
(years) 
y= ln(T) Q (m3/s) 
1,000 6.908 14,766.698 
500 6.215 13,701.860 
400 5.991 13,359.059 
300 5.704 12,917.111 
200 5.298 12,294.220 
150 5.011 11,852.273 
125 4.828 11,572.184 
120 4.787 11,509.471 
110 4.700 11,375.801 
100 4.605 11,229.382 
75 4.317 10,787.434 
50 3.912 10,164.544 
25 3.219 9,099.706 
20 2.996 8,756.904 
10 2.303 7,692.066 
5 1.609 6,627.228 
2 0.693 5,219.588 
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Table 11. Chi-square Test of Gumbel distribution for Asunción Flows. 
i Range Count ni fs(xi) Fs(xi) y F(xi) P(xi) χc2 
1 
 
<2,900 7 7 0.063 0.063 -0.8168 0.10 0.0415 1.187 
2 2,900 3,900 33 26 0.232 0.295 -0.1658 0.31 0.2031 0.464 
3 3,900 4,900 65 32 0.286 0.580 0.4851 0.54 0.2331 1.328 
4 4,900 5,900 85 20 0.179 0.759 1.1361 0.73 0.1851 0.025 
5 5,900 6,900 96 11 0.098 0.857 1.7870 0.85 0.1204 0.460 
6 6,900 7,900 103 7 0.063 0.920 2.4379 0.92 0.0706 0.103 
7 7,900 8,900 108 5 0.045 0.964 3.0889 0.96 0.0391 0.088 
8 8,900 9,900 109 1 0.009 0.973 3.7398 0.98 0.0211 0.782 
9 9,900 10,900 110 1 0.009 0.982 4.3908 0.99 0.0112 0.050 
10 
 
>10,900 112 2 0.018 1.000 5.0417 0.99 0.0059 2.739 
   
n= 112 
     
7.23 
 
The number of intervals (Table 11 and Table 13) considered for the χc2 test m=10, the 
number of parameters p=2, therefore the degrees of freedom is 7 and from the Chi Square 
statistical table and a confidence level of 95 percent the value is 14.07. This applies to the rest of 
the Chi-Square tests that has been made for two of the gaging stations.  
 
For Porto Murtinho station the parameters for Gumbel distribution is as follows: 
0.55454Ny =  
1.184Nσ =  
100 161 2.α =  
  
 
 
Table 12 shows the Gumbel distribution computation results for the Porto Murtinho 
station.  
65 
 
 
 
Table 12. Gumbel distribution for Porto Murtinho Flows. 
Return 
Period T 
(years) 
y= ln(T) 
Q 
(m3/s) 
1,000 6.908 9,586.84 
500 6.215 8,892.19 
400 5.991 8,668.57 
300 5.704 8,380.26 
200 5.298 7,973.92 
150 5.011 7,685.62 
125 4.828 7,502.90 
120 4.787 7,461.99 
110 4.700 7,374.79 
100 4.605 7,279.27 
75 4.317 6,990.97 
50 3.912 6,584.63 
25 3.219 5,889.98 
20 2.996 5,666.36 
10 2.303 4,971.71 
5 1.609 4,277.06 
2 0.693 3,358.79 
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Table 13. Chi-square Test of Gumbel distribution for Porto Murtinho Flows. 
i Range Count ni fs(xi) Fs(xi) y F(xi) P(xi) χc2 
1 
 
<1,200 0 0 0.000 0.000 -1.461 0.01 0.013 0.927 
2 1,200 1,800 9 9 0.130 0.130 -0.862 0.09 0.080 2.173 
3 1,800 2,400 17 8 0.116 0.246 -0.264 0.27 0.178 1.512 
4 2,400 3,000 29 12 0.174 0.420 0.335 0.49 0.217 0.590 
5 3,000 3,600 49 20 0.290 0.710 0.934 0.67 0.186 4.008 
6 3,600 4,200 58 9 0.130 0.841 1.533 0.81 0.131 0.000 
7 4,200 4,800 60 2 0.029 0.870 2.131 0.89 0.082 2.385 
8 4,800 5,400 65 5 0.072 0.942 2.730 0.94 0.049 0.794 
9 5,400 6,000 67 2 0.029 0.971 3.329 0.96 0.028 0.003 
10 
 
>6,000 69 2 0.029 1.000 3.927 0.98 0.016 0.775 
   
n= 69 
     
13.17 
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A.3 Log-Pearson Type III Distribution 
 
Table 14 shows the Log-Pearson Type III distribution computation results for the 
Asunción station.  
Table 14. Log-Pearson Type III distribution for Asunción Flows. 
Return 
Period 
T (years) 
P(1/T) 1-P 
w 
(Normal) 
KT=z 
(Normal) 
KT 
(Log-Pearson 
Type III) 
xT 
Q (m3/s) 
Log-Pearson 
Type III 
1,000 0.001 0.999 3.717 3.091 3.629 4.225 16,801.752 
500 0.002 0.998 3.526 2.879 3.384 4.188 15,423.652 
400 0.003 0.998 3.462 2.807 3.303 4.176 14,990.346 
300 0.003 0.997 3.378 2.713 3.196 4.160 14,438.715 
200 0.005 0.995 3.255 2.576 3.040 4.136 13,673.924 
150 0.007 0.993 3.166 2.475 2.927 4.119 13,139.724 
125 0.008 0.992 3.108 2.409 2.853 4.107 12,804.551 
120 0.008 0.992 3.094 2.394 2.836 4.105 12,729.849 
110 0.009 0.991 3.066 2.362 2.800 4.099 12,571.029 
100 0.010 0.990 3.035 2.327 2.761 4.093 12,397.682 
75 0.013 0.987 2.939 2.217 2.638 4.075 11,878.179 
50 0.020 0.980 2.797 2.054 2.459 4.047 11,154.496 
25 0.040 0.960 2.537 1.751 2.128 3.997 9,934.694 
20 0.050 0.950 2.448 1.645 2.014 3.980 9,544.794 
10 0.100 0.900 2.146 1.282 1.626 3.921 8,332.077 
5 0.200 0.800 1.794 0.841 1.165 3.851 7,090.254 
2 0.500 0.500 1.177 0.000 0.310 3.721 5,256.927 
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Table 15. Chi-square Test of Log-Pearson Type III distribution for Asunción Flows. 
i 
Return Period  
T (years) 
Range 1/T 
Fx 
(1-(1/T)) 
w z KT ni 
f(xi) 
(ni/n) 
p (xi) χc2 
1 2.04  <5,300 0.491 0.509 1.193 0.023 0.334 73 0.652 0.509 4.460 
2 4.76 5,300 7,000 0.210 0.790 1.767 0.806 1.128 23 0.205 0.281 2.260 
3 12.33 7,000 8,700 0.081 0.919 2.242 1.398 1.749 10 0.089 0.129 1.366 
4 32.60 8,700 10,400 0.031 0.969 2.640 1.871 2.259 3 0.027 0.050 1.241 
5 84.83 10,400 12,100 0.012 0.988 2.980 2.264 2.691 3 0.027 0.019 0.370 
6 213.94 12,100 13,800 0.005 0.995 3.276 2.599 3.067 0 0.000 0.007 0.797 
7 519.92 13,800 15,500 0.002 0.998 3.537 2.891 3.398 0 0.000 0.003 0.308 
8 1,216.11 
 
>15,500 0.001 0.999 3.769 3.148 3.695 0 0.000 0.001 0.123 
        
n= 112 
  
10.926 
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The number of intervals (Table 15 and Table 17) considered for the χc2 test m=8, the 
number of parameters p=2, therefore the degrees of freedom is 5 and from the Chi Square 
statistical table and a confidence level of 95 percent the value is 11.07. This applies to the rest of 
the Chi-Square tests that has been made for two of the gaging stations.  
 
Table 16 shows the Log-Pearson Type III distribution computation results for the Porto 
Murtinho station.  
 
Table 16. Log-Pearson Type III distribution for Porto Murtinho Flows. 
Return 
Period 
T (years) 
P(1/T) 1-P 
w  
(Normal) 
KT=z 
(Normal) 
KT 
(Log-Pearson  
Type III) 
xT 
Q (m3/s) 
Log-Pearson 
Type III 
1,000 0.001 0.999 3.717 3.091 3.316 4.028 10,661.538 
500 0.002 0.998 3.526 2.879 3.111 3.994 9,858.441 
400 0.003 0.998 3.462 2.807 3.042 3.982 9,603.737 
300 0.003 0.997 3.378 2.713 2.952 3.967 9,277.838 
200 0.005 0.995 3.255 2.576 2.820 3.946 8,822.774 
150 0.007 0.993 3.166 2.475 2.723 3.930 8,502.535 
125 0.008 0.992 3.108 2.409 2.660 3.919 8,300.547 
120 0.008 0.992 3.094 2.394 2.646 3.917 8,255.413 
110 0.009 0.991 3.066 2.362 2.615 3.912 8,159.313 
100 0.010 0.990 3.035 2.327 2.582 3.906 8,054.198 
75 0.013 0.987 2.939 2.217 2.477 3.889 7,737.723 
50 0.020 0.980 2.797 2.054 2.321 3.863 7,293.013 
25 0.040 0.960 2.537 1.751 2.033 3.815 6,532.195 
20 0.050 0.950 2.448 1.645 1.932 3.798 6,285.720 
10 0.100 0.900 2.146 1.282 1.586 3.741 5,507.569 
5 0.200 0.800 1.794 0.841 1.165 3.671 4,690.041 
2 0.500 0.500 1.177 0.000 0.350 3.536 3,435.914 
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Table 17. Chi-square Test of Log-Pearson Type III distribution for Porto Murtinho Flows. 
i 
Return Period 
T (years) 
Range 1/T 
Fx 
(1-(1/T)) 
w z KT ni 
f(xi) 
(ni/n) 
p (xi) χc2 
1 2.9 
 
<4,000 0.341 0.659 1.466 0.409 0.748 58 0.841 0.659 3.461 
2 6.5 4,000 5,000 0.155 0.845 1.932 1.016 1.333 5 0.072 0.187 4.811 
3 15.5 5,000 6,000 0.065 0.935 2.340 1.517 1.810 4 0.058 0.090 0.788 
4 38.3 6,000 7,000 0.026 0.974 2.700 1.941 2.214 2 0.029 0.039 0.163 
5 95.2 7,000 8,000 0.011 0.989 3.019 2.308 2.564 0 0.000 0.016 1.078 
6 234.3 8,000 9,000 0.004 0.996 3.304 2.631 2.872 0 0.000 0.006 0.430 
7 565.6 9,000 10,000 0.002 0.998 3.560 2.917 3.148 0 0.000 0.002 0.172 
8 1,332.6 
 
>10,000 0.001 0.999 3.793 3.175 3.398 0 0.000 0.001 0.070 
        
n= 69 
  
10.974 
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APPENDIX B  
SURFACE TINs 
 
Figure 25. First Version TIN generated by scaled points. 
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Figure 26. Second Version TIN generated by scaled points and SRTM-90 DEM points. 
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Figure 27. Third Version TIN edited by 3D interpolation of First Version TIN. 
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Figure 28. Fourth Version TIN generated by adding SRTM-90 DEM points to Third Version TIN. 
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APPENDIX C 
 
FLOODPLAIN MAPS OF THE MODELED REACH 
 
Figure 29. Floodplain Map of Modeled Reach for 2 year Return Period. 
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Figure 30. Floodplain Map of Modeled Reach for 5 year Return Period. 
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Figure 31. Floodplain Map of Modeled Reach for 10 year Return Period. 
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Figure 32. Floodplain Map of Modeled Reach for 20 year Return Period. 
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Figure 33. Floodplain Map of Modeled Reach for 25 year Return Period. 
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Figure 34. Floodplain Map of Modeled Reach for 50 year Return Period. 
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Figure 35. Floodplain Map of Modeled Reach for 100 year Return Period. 
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APPENDIX D 
FLOODPLAIN MAPS NEAR ASUNCION 
 
Figure 36. 2 Year Return Period Floodplain Map near Asunción. 
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Figure 37. 5 Year Return Period Floodplain Map near Asunción. 
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Figure 38. 10 Year Return Period Floodplain Map near Asunción. 
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Figure 39. 20 Year Return Period Floodplain Map near Asunción. 
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Figure 40. 25 Year Return Period Floodplain Map near Asunción. 
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Figure 41. 50 Year Return Period Floodplain Map near Asunción. 
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Figure 42. 100 Year Return Period Floodplain Map near Asunción.
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APPENDIX E 
HEC-RAS SIMULATION RESULTS 
Table 18. HEC-RAS Simulation Results. 
Reach River Sta Profile 
Q Total 
(m3/s) 
Min Ch El 
(m) 
W.S. Elev 
(m) 
Crit W.S. 
(m) 
E.G. Elev 
(m) 
E.G. Slope 
(m/m) 
Vel Chnl 
(m/s) 
Flow Area 
(m2) 
Top Width 
(m) 
Froude # 
Chl 
1 632213.8 PF 1 6465.29 58.04 81 
 
81.01 0.000008 0.62 31781.68 12132.49 0.05 
1 632213.8 PF 2 6286.97 58.04 80.83 
 
80.84 0.000009 0.64 29809.23 11847.41 0.05 
1 632213.8 PF 3 5507.21 58.04 80.08 
 
80.09 0.000012 0.73 21390.42 10552.92 0.06 
1 632213.8 PF 4 4693.58 58.04 79.24 
 
79.26 0.000016 0.8 13443.75 8317.37 0.07 
1 632213.8 PF 5 3435.75 58.04 77.79 
 
77.82 0.00002 0.82 5744.67 2697.39 0.08 
             
1 629246.6 PF 1 6465.29 62.74 80.91 68.83 80.96 0.000026 1.02 6369.64 20512.13 0.09 
1 629246.6 PF 2 6286.97 62.74 80.75 68.75 80.8 0.000025 1 6291.15 20232.79 0.09 
1 629246.6 PF 3 5507.21 62.74 80 68.37 80.04 0.000024 0.93 5931.13 18067.74 0.08 
1 629246.6 PF 4 4693.58 62.74 79.17 67.94 79.2 0.000022 0.85 5532.35 15067.02 0.08 
1 629246.6 PF 5 3435.75 62.74 77.74 67.17 77.76 0.000018 0.71 4844.67 6584.47 0.07 
             
1 626146.6 PF 1 6465.29 66.74 80.87 70.96 80.9 0.000014 0.68 9490.12 22296.25 0.06 
1 626146.6 PF 2 6286.97 66.74 80.71 70.91 80.73 0.000014 0.67 9352.94 21732.21 0.06 
1 626146.6 PF 3 5507.21 66.74 79.96 70.69 79.98 0.000014 0.63 8723.83 17514.16 0.06 
1 626146.6 PF 4 4693.58 66.74 79.13 70.42 79.15 0.000013 0.58 8027.44 13951.41 0.06 
1 626146.6 PF 5 3435.75 66.74 77.7 69.96 77.71 0.000012 0.5 6827.54 7692.63 0.06 
             
1 622955.1 PF 1 6465.29 57.2 80.78 66.75 80.83 0.000025 1.06 6127.18 20675.21 0.09 
1 622955.1 PF 2 6286.97 57.2 80.62 66.65 80.67 0.000025 1.04 6058.5 20128.74 0.09 
1 622955.1 PF 3 5507.21 57.2 79.87 66.18 79.92 0.000023 0.96 5743.34 17386.85 0.08 
1 622955.1 PF 4 4693.58 57.2 79.05 65.63 79.09 0.00002 0.87 5394.39 14691.98 0.08 
1 622955.1 PF 5 3435.75 57.2 77.64 64.66 77.67 0.000016 0.72 4792.69 9242.17 0.07 
             
1 620150.7 PF 1 6465.29 59.58 80.71 66.8 80.76 0.000023 1.02 6349.24 19345.5 0.09 
1 620150.7 PF 2 6286.97 59.58 80.55 66.71 80.6 0.000023 1 6279.3 18877.96 0.08 
1 620150.7 PF 3 5507.21 59.58 79.82 66.29 79.86 0.000021 0.92 5958.35 16329.09 0.08 
1 620150.7 PF 4 4693.58 59.58 79 65.84 79.04 0.000018 0.84 5603.1 13816.79 0.07 
1 620150.7 PF 5 3435.75 59.58 77.6 65.04 77.62 0.000014 0.69 4990.64 8738.72 0.06 
             
1 616798.6 PF 1 6465.29 65.01 80.65 70.2 80.69 0.000019 0.82 7882.29 17032.64 0.08 
1 616798.6 PF 2 6286.97 65.01 80.49 70.14 80.53 0.000019 0.81 7777.15 16467.18 0.08 
1 616798.6 PF 3 5507.21 65.01 79.76 69.87 79.79 0.000018 0.75 7294.68 12998.95 0.07 
1 616798.6 PF 4 4693.58 65.01 78.95 69.57 78.98 0.000017 0.69 6761.1 10547.77 0.07 
1 616798.6 PF 5 3435.75 65.01 77.56 69.04 77.57 0.000015 0.59 5841.94 7178.3 0.06 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total 
(m3/s) 
Min Ch El 
(m) 
W.S. Elev 
(m) 
Crit W.S. 
(m) 
E.G. Elev 
(m) 
E.G. Slope 
(m/m) 
Vel Chnl 
(m/s) 
Flow Area 
(m2) 
Top Width 
(m) 
Froude # 
Chl 
1 613746.6 PF 1 6465.29 66.83 80.58 71.61 80.62 0.000031 0.85 7568.75 19169.38 0.09 
1 613746.6 PF 2 6286.97 66.83 80.42 71.56 80.46 0.000031 0.85 7434.68 18890.2 0.09 
1 613746.6 PF 3 5507.21 66.83 79.69 71.29 79.72 0.000031 0.81 6819.34 17555.72 0.09 
1 613746.6 PF 4 4693.58 66.83 78.88 71 78.91 0.000032 0.76 6139.15 15369.15 0.09 
1 613746.6 PF 5 3435.75 66.83 77.48 70.5 77.51 0.000033 0.69 4978.24 9847.99 0.09 
             
1 610710.1 PF 1 6465.29 62.78 80.45 71.61 80.51 0.000042 1.01 6425.03 19628.72 0.11 
1 610710.1 PF 2 6286.97 62.78 80.29 71.53 80.34 0.000042 1 6311.38 19328.45 0.11 
1 610710.1 PF 3 5507.21 62.78 79.56 71.1 79.61 0.000043 0.95 5789.19 17005.54 0.11 
1 610710.1 PF 4 4693.58 62.78 78.75 70.58 78.79 0.000045 0.9 5211.44 14246.5 0.11 
1 610710.1 PF 5 3435.75 62.78 77.35 68.98 77.39 0.000049 0.81 4217.88 9493.44 0.11 
             
1 607696.8 PF 1 6465.29 56.65 80.25 66.56 80.36 0.000051 1.48 4358.88 21424.19 0.13 
1 607696.8 PF 2 6286.97 56.65 80.09 66.44 80.2 0.00005 1.46 4310.93 21160.11 0.12 
1 607696.8 PF 3 5507.21 56.65 79.38 65.88 79.47 0.000046 1.35 4090.27 19851.67 0.12 
1 607696.8 PF 4 4693.58 56.65 78.58 65.26 78.66 0.000041 1.22 3846 18081.87 0.11 
1 607696.8 PF 5 3435.75 56.65 77.22 64.2 77.27 0.000032 1 3425.32 13240.87 0.1 
             
1 604446.6 PF 1 6465.29 63.01 80.15 69.4 80.21 0.000034 1.13 5738.47 18701.11 0.1 
1 604446.6 PF 2 6286.97 63.01 79.99 69.32 80.06 0.000033 1.11 5668.23 18434.76 0.1 
1 604446.6 PF 3 5507.21 63.01 79.28 68.97 79.33 0.000031 1.03 5344.97 17750.23 0.1 
1 604446.6 PF 4 4693.58 63.01 78.49 68.56 78.54 0.000028 0.94 4987.66 16148.39 0.09 
1 604446.6 PF 5 3435.75 63.01 77.14 67.86 77.17 0.000024 0.79 4373.25 13405.48 0.08 
             
1 600954.3 PF 1 6465.29 57.59 80.1 67.51 80.11 0.000018 0.55 11658.24 15497.13 0.07 
1 600954.3 PF 2 6286.97 57.59 79.94 67.39 79.96 0.000018 0.55 11400.76 14989.73 0.07 
1 600954.3 PF 3 5507.21 57.59 79.22 66.85 79.24 0.00002 0.54 10215.49 14225.12 0.07 
1 600954.3 PF 4 4693.58 57.59 78.43 66.25 78.44 0.000023 0.53 8905.18 13119.55 0.07 
1 600954.3 PF 5 3435.75 57.59 77.06 65.18 77.07 0.000033 0.52 6649.84 11046.43 0.08 
             
1 598351.4 PF 1 6465.29 54.86 79.99 64.05 80.05 0.000026 1.11 5844.12 14195.18 0.09 
1 598351.4 PF 2 6286.97 54.86 79.84 63.95 79.9 0.000026 1.09 5784.03 13914.2 0.09 
1 598351.4 PF 3 5507.21 54.86 79.13 63.5 79.18 0.000023 1 5507.05 12540.51 0.08 
1 598351.4 PF 4 4693.58 54.86 78.34 63 78.38 0.00002 0.9 5200.61 11710.39 0.08 
1 598351.4 PF 5 3435.75 54.86 76.98 62.1 77.01 0.000016 0.74 4672.4 8991.43 0.07 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 595058.4 PF 1 6465.29 58.06 79.81 68.44 79.92 0.000058 1.48 4383.17 10474.21 0.13 
1 595058.4 PF 2 6286.97 58.06 79.66 68.33 79.77 0.000057 1.45 4331.12 10418.22 0.13 
1 595058.4 PF 3 5507.21 58.06 78.97 67.79 79.06 0.000053 1.35 4090.86 10317.36 0.13 
1 595058.4 PF 4 4693.58 58.06 78.2 67.18 78.28 0.000048 1.23 3825.12 10216.06 0.12 
1 595058.4 PF 5 3435.75 58.06 76.88 66.1 76.93 0.00004 1.02 3366.8 9056.76 0.1 
             
1 591994.5 PF 1 6465.29 60.88 79.71 68.45 79.77 0.000036 1.11 5826.93 11159.23 0.1 
1 591994.5 PF 2 6286.97 60.88 79.56 68.36 79.62 0.000035 1.09 5753.78 10822.19 0.1 
1 591994.5 PF 3 5507.21 60.88 78.87 67.91 78.92 0.000033 1.02 5416.11 9591.94 0.1 
1 591994.5 PF 4 4693.58 60.88 78.11 67.4 78.15 0.00003 0.93 5043.21 8616.46 0.09 
1 591994.5 PF 5 3435.75 60.88 76.8 66.52 76.83 0.000026 0.78 4401.06 6248.11 0.08 
             
1 588522.3 PF 1 6465.29 62.89 79.6 71.19 79.65 0.000034 0.99 6502.16 12113.32 0.1 
1 588522.3 PF 2 6286.97 62.89 79.45 71.14 79.5 0.000034 0.98 6410.14 11694.63 0.1 
1 588522.3 PF 3 5507.21 62.89 78.76 70.93 78.81 0.000032 0.92 5985.23 10075.63 0.09 
1 588522.3 PF 4 4693.58 62.89 78.01 70.68 78.04 0.000031 0.85 5516.54 8998.04 0.09 
1 588522.3 PF 5 3435.75 62.89 76.71 70.28 76.73 0.000028 0.73 4710.4 6272.74 0.08 
             
1 585811.4 PF 1 6465.29 65.06 79.47 71 79.54 0.000046 1.17 5545.59 11452.69 0.11 
1 585811.4 PF 2 6286.97 65.06 79.32 70.94 79.39 0.000045 1.15 5469.06 11047.9 0.11 
1 585811.4 PF 3 5507.21 65.06 78.65 70.65 78.7 0.000043 1.08 5115.43 9153.53 0.11 
1 585811.4 PF 4 4693.58 65.06 77.9 70.32 77.95 0.000041 0.99 4725.65 7369.81 0.11 
1 585811.4 PF 5 3435.75 65.06 76.61 69.74 76.65 0.000036 0.85 4055.41 5503.77 0.1 
             
1 582746.6 PF 1 6465.29 62.43 79.35 69.8 79.41 0.000037 1.11 5815.24 13637.69 0.1 
1 582746.6 PF 2 6286.97 62.43 79.21 69.72 79.27 0.000036 1.09 5742.3 13433.02 0.1 
1 582746.6 PF 3 5507.21 62.43 78.53 69.35 78.59 0.000034 1.02 5404.98 11989.62 0.1 
1 582746.6 PF 4 4693.58 62.43 77.79 68.89 77.84 0.000032 0.93 5033.59 10431.58 0.09 
1 582746.6 PF 5 3435.75 62.43 76.52 68.06 76.55 0.000027 0.78 4395.47 8713.1 0.08 
             
1 579646.6 PF 1 6465.29 63.58 79.26 70 79.31 0.000029 0.91 7112.08 13063.78 0.09 
1 579646.6 PF 2 6286.97 63.58 79.12 69.92 79.16 0.000029 0.9 7012.45 12935.33 0.09 
1 579646.6 PF 3 5507.21 63.58 78.45 69.52 78.49 0.000027 0.84 6551.6 12096.97 0.09 
1 579646.6 PF 4 4693.58 63.58 77.71 69.13 77.74 0.000026 0.78 6044.82 11439.1 0.08 
1 579646.6 PF 5 3435.75 63.58 76.45 68.46 76.47 0.000023 0.66 5175.14 9794.73 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 576546.6 PF 1 6465.29 57.79 79.24 69.23 79.25 0.000009 0.38 17059.99 11532.86 0.05 
1 576546.6 PF 2 6286.97 57.79 79.1 69.07 79.11 0.000009 0.38 16694.54 11356.32 0.05 
1 576546.6 PF 3 5507.21 57.79 78.42 67.79 78.43 0.00001 0.37 15003.26 10357.21 0.05 
1 576546.6 PF 4 4693.58 57.79 77.68 67.18 77.69 0.000011 0.36 13142.54 9385.48 0.05 
1 576546.6 PF 5 3435.75 57.79 76.4 66.07 76.41 0.000015 0.35 9944.12 6895.66 0.06 
             
1 573306.9 PF 1 6465.29 64.62 79.19 70.36 79.21 0.000019 0.61 10648.31 13442.9 0.07 
1 573306.9 PF 2 6286.97 64.62 79.05 70.3 79.06 0.000019 0.6 10447.99 13303.49 0.07 
1 573306.9 PF 3 5507.21 64.62 78.37 69.99 78.38 0.00002 0.58 9519.92 12183.92 0.07 
1 573306.9 PF 4 4693.58 64.62 77.62 69.65 77.64 0.000021 0.55 8497.49 11199.29 0.07 
1 573306.9 PF 5 3435.75 64.62 76.33 69.05 76.35 0.000024 0.51 6732.25 8577.76 0.07 
             
1 570346.6 PF 1 6465.29 63.13 79.15 69.09 79.16 0.000013 0.53 12189.95 9948.16 0.06 
1 570346.6 PF 2 6286.97 63.13 79 69.01 79.02 0.000013 0.52 11975.26 9661.93 0.06 
1 570346.6 PF 3 5507.21 63.13 78.32 68.65 78.34 0.000013 0.5 10979.91 8762.2 0.06 
1 570346.6 PF 4 4693.58 63.13 77.57 68.25 77.59 0.000014 0.47 9882.79 7977.89 0.06 
1 570346.6 PF 5 3435.75 63.13 76.28 67.57 76.29 0.000015 0.43 7985.12 7160.31 0.06 
             
1 567062.4 PF 1 6465.29 65.35 79.01 71.52 79.08 0.000051 1.16 5562.82 7560.68 0.12 
1 567062.4 PF 2 6286.97 65.35 78.87 71.46 78.93 0.000051 1.15 5479.4 7432.86 0.12 
1 567062.4 PF 3 5507.21 65.35 78.19 71.18 78.25 0.00005 1.08 5091.99 6886.54 0.12 
1 567062.4 PF 4 4693.58 65.35 77.45 70.85 77.5 0.000049 1.01 4664.88 6422.72 0.11 
1 567062.4 PF 5 3435.75 65.35 76.17 70.24 76.21 0.000047 0.88 3924.35 5698.4 0.11 
             
1 564059.4 PF 1 6465.29 67.67 78.93 71.91 78.96 0.000028 0.76 8535.94 9149.37 0.09 
1 564059.4 PF 2 6286.97 67.67 78.78 71.86 78.81 0.000028 0.75 8381.37 9104.06 0.09 
1 564059.4 PF 3 5507.21 67.67 78.11 71.4 78.13 0.000029 0.72 7662.81 8857.99 0.09 
1 564059.4 PF 4 4693.58 67.67 77.36 71.15 77.38 0.00003 0.68 6871.01 8259.32 0.09 
1 564059.4 PF 5 3435.75 67.67 76.06 70.72 76.08 0.000032 0.62 5522.78 6649.78 0.09 
             
1 560932.1 PF 1 6465.29 63.14 78.78 68.92 78.85 0.000039 1.15 5603.84 6877.82 0.11 
1 560932.1 PF 2 6286.97 63.14 78.64 68.85 78.71 0.000039 1.14 5535 6798.48 0.11 
1 560932.1 PF 3 5507.21 63.14 77.97 68.54 78.03 0.000036 1.06 5214.35 6430.71 0.1 
1 560932.1 PF 4 4693.58 63.14 77.23 68.2 77.28 0.000033 0.97 4861.02 6070.54 0.1 
1 560932.1 PF 5 3435.75 63.14 75.96 67.61 75.99 0.000028 0.81 4248.98 5106.33 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 557946.6 PF 1 6465.29 66.41 78.74 70.98 78.76 0.000018 0.64 10081.27 2874.48 0.07 
1 557946.6 PF 2 6286.97 66.41 78.6 70.93 78.62 0.000018 0.63 9915.08 2807.89 0.07 
1 557946.6 PF 3 5507.21 66.41 77.92 70.77 77.94 0.000018 0.6 9140.93 2457.95 0.07 
1 557946.6 PF 4 4693.58 66.41 77.18 70.57 77.2 0.000018 0.57 8288.71 2042.49 0.07 
1 557946.6 PF 5 3435.75 66.41 75.9 70.25 75.92 0.000019 0.5 6813.97 1215.83 0.07 
             
1 554743.4 PF 1 6465.29 62.58 78.67 68.19 78.7 0.000022 0.73 8818.91 3878.93 0.08 
1 554743.4 PF 2 6286.97 62.58 78.53 68.13 78.55 0.000022 0.72 8681.7 3750.22 0.08 
1 554743.4 PF 3 5507.21 62.58 77.85 67.83 77.88 0.000021 0.68 8041.99 3162.98 0.08 
1 554743.4 PF 4 4693.58 62.58 77.12 67.5 77.14 0.000021 0.64 7337.85 2319.68 0.07 
1 554743.4 PF 5 3435.75 62.58 75.84 66.91 75.85 0.000019 0.56 6128.78 1289.72 0.07 
             
1 551931.4 PF 1 6465.29 65.62 78.62 71 78.64 0.000019 0.6 10721.94 5723.01 0.07 
1 551931.4 PF 2 6286.97 65.62 78.48 70.93 78.49 0.000019 0.6 10520.38 5694.45 0.07 
1 551931.4 PF 3 5507.21 65.62 77.8 70.64 77.82 0.00002 0.57 9579.95 5561.2 0.07 
1 551931.4 PF 4 4693.58 65.62 77.06 70.16 77.08 0.000021 0.55 8544.61 5159.7 0.07 
1 551931.4 PF 5 3435.75 65.62 75.78 69.59 75.79 0.000025 0.51 6755.08 4550.31 0.07 
             
1 548646.6 PF 1 6465.29 61.7 78.55 67.96 78.57 0.000023 0.68 9570.98 11730.56 0.08 
1 548646.6 PF 2 6286.97 61.7 78.4 67.88 78.42 0.000023 0.67 9396.81 11688.93 0.08 
1 548646.6 PF 3 5507.21 61.7 77.73 67.5 77.75 0.000024 0.64 8583 11652.76 0.08 
1 548646.6 PF 4 4693.58 61.7 76.98 67.07 77 0.000025 0.61 7686.1 11626.52 0.08 
1 548646.6 PF 5 3435.75 61.7 75.69 66.3 75.71 0.000028 0.56 6130 11264.4 0.08 
             
1 545477.1 PF 1 6465.29 66.44 78.49 70.16 78.51 0.000016 0.59 10945.37 15020.89 0.07 
1 545477.1 PF 2 6286.97 66.44 78.34 70.1 78.36 0.000016 0.58 10753.04 14823.6 0.07 
1 545477.1 PF 3 5507.21 66.44 77.67 69.89 77.68 0.000017 0.56 9853.39 13494.12 0.07 
1 545477.1 PF 4 4693.58 66.44 76.92 69.65 76.93 0.000017 0.53 8861.28 12173.12 0.07 
1 545477.1 PF 5 3435.75 66.44 75.62 69.22 75.63 0.000019 0.48 7135.71 11547.83 0.07 
             
1 542446.6 PF 1 6465.29 61.47 78.32 68.49 78.42 0.000056 1.37 4713.22 12046.45 0.13 
1 542446.6 PF 2 6286.97 61.47 78.18 68.38 78.27 0.000055 1.35 4655.73 11629.92 0.13 
1 542446.6 PF 3 5507.21 61.47 77.51 67.95 77.59 0.000052 1.26 4386.03 9486.69 0.12 
1 542446.6 PF 4 4693.58 61.47 76.78 67.45 76.85 0.000048 1.15 4088.42 8316.98 0.12 
1 542446.6 PF 5 3435.75 61.47 75.5 66.57 75.55 0.00004 0.96 3569.26 7222.85 0.1 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 538373.5 PF 1 6465.29 68.34 78.26 70.8 78.28 0.000017 0.52 12432.78 7874.89 0.06 
1 538373.5 PF 2 6286.97 68.34 78.12 70.76 78.13 0.000017 0.52 12167.81 7363.9 0.06 
1 538373.5 PF 3 5507.21 68.34 77.44 70.6 77.46 0.000018 0.5 10923.45 6386.16 0.07 
1 538373.5 PF 4 4693.58 68.34 76.69 70.4 76.71 0.000021 0.49 9549.46 5409.83 0.07 
1 538373.5 PF 5 3435.75 68.34 75.4 70.03 75.41 0.000024 0.47 7268.08 4475.74 0.07 
             
1 536068 PF 1 6465.29 66.41 78.22 70.65 78.24 0.000019 0.52 12504.08 7045.68 0.07 
1 536068 PF 2 6286.97 66.41 78.08 70.6 78.09 0.000019 0.52 12205.18 6790.2 0.07 
1 536068 PF 3 5507.21 66.41 77.39 70.38 77.41 0.000022 0.51 10798.29 5092.76 0.07 
1 536068 PF 4 4693.58 66.41 76.64 70.14 76.65 0.000027 0.51 9239.36 4410.29 0.08 
1 536068 PF 5 3435.75 66.41 75.32 69.71 75.34 0.000045 0.53 6538.37 3672.79 0.09 
             
1 533252.8 PF 1 6465.29 65.34 78.18 70.08 78.19 0.000015 0.45 14337.75 7045.16 0.06 
1 533252.8 PF 2 6286.97 65.34 78.03 70.03 78.04 0.000015 0.45 13988.84 6286.71 0.06 
1 533252.8 PF 3 5507.21 65.34 77.34 69.84 77.35 0.000017 0.45 12341.77 4973.08 0.06 
1 533252.8 PF 4 4693.58 65.34 76.57 69.62 76.58 0.000022 0.45 10506.2 3632.81 0.07 
1 533252.8 PF 5 3435.75 65.34 75.23 69.24 75.24 0.000027 0.46 7531.23 2494.21 0.07 
             
1 530046.6 PF 1 6465.29 61.04 78.04 67.11 78.11 0.000036 1.17 5548.52 5408.46 0.1 
1 530046.6 PF 2 6286.97 61.04 77.9 67.03 77.97 0.000035 1.15 5485.77 4894.61 0.1 
1 530046.6 PF 3 5507.21 61.04 77.22 66.66 77.27 0.000032 1.06 5188.58 3263.48 0.1 
1 530046.6 PF 4 4693.58 61.04 76.45 66.25 76.5 0.000029 0.97 4856.52 2274.63 0.09 
1 530046.6 PF 5 3435.75 61.04 75.13 65.52 75.16 0.000024 0.8 4281.63 1975.96 0.08 
             
1 526946.6 PF 1 6465.29 66.76 77.99 69.96 78.01 0.000022 0.68 9471.47 7054.86 0.08 
1 526946.6 PF 2 6286.97 66.76 77.85 69.92 77.87 0.000022 0.68 9303.19 6813.08 0.08 
1 526946.6 PF 3 5507.21 66.76 77.16 69.72 77.18 0.000023 0.65 8505.72 6110.63 0.08 
1 526946.6 PF 4 4693.58 66.76 76.39 69.5 76.41 0.000024 0.62 7615.34 4351.23 0.08 
1 526946.6 PF 5 3435.75 66.76 75.06 69.14 75.07 0.000028 0.57 6075.32 2817.63 0.08 
             
1 523846.6 PF 1 6465.29 63.63 77.92 68.03 77.95 0.000019 0.8 8118.48 6011.39 0.07 
1 523846.6 PF 2 6286.97 63.63 77.77 67.98 77.8 0.000019 0.78 8016.66 5910.68 0.07 
1 523846.6 PF 3 5507.21 63.63 77.09 67.77 77.11 0.000018 0.73 7533.5 5233.92 0.07 
1 523846.6 PF 4 4693.58 63.63 76.32 67.51 76.34 0.000017 0.67 6993.93 4746.18 0.07 
1 523846.6 PF 5 3435.75 63.63 75 67.04 75.01 0.000014 0.57 6060.21 2566.96 0.06 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 520797.9 PF 1 6465.29 59.14 77.69 68.65 77.83 0.000084 1.67 3866.2 6445.13 0.16 
1 520797.9 PF 2 6286.97 59.14 77.55 68.49 77.69 0.000083 1.65 3819.74 6359.88 0.16 
1 520797.9 PF 3 5507.21 59.14 76.89 67.52 77.01 0.000078 1.53 3598.17 5554.05 0.15 
1 520797.9 PF 4 4693.58 59.14 76.15 66.88 76.25 0.000072 1.4 3350.4 4823.8 0.14 
1 520797.9 PF 5 3435.75 59.14 74.86 65.77 74.93 0.000061 1.18 2920.68 2887.54 0.13 
             
1 517796.7 PF 1 6465.29 63.56 77.57 68.26 77.64 0.00004 1.14 5688.4 7732.19 0.11 
1 517796.7 PF 2 6286.97 63.56 77.44 68.19 77.5 0.000039 1.12 5618.75 7639.88 0.11 
1 517796.7 PF 3 5507.21 63.56 76.78 67.9 76.83 0.000037 1.04 5286.11 7110.08 0.1 
1 517796.7 PF 4 4693.58 63.56 76.04 67.57 76.09 0.000034 0.96 4914.68 6514.95 0.1 
1 517796.7 PF 5 3435.75 63.56 74.76 66.99 74.8 0.000029 0.8 4271.71 4109.02 0.09 
             
1 514610.3 PF 1 6465.29 66.34 77.53 70.08 77.54 0.000019 0.53 12201.26 4245.2 0.07 
1 514610.3 PF 2 6286.97 66.34 77.39 70.05 77.4 0.000019 0.53 11936.31 4073.98 0.07 
1 514610.3 PF 3 5507.21 66.34 76.72 69.89 76.73 0.00002 0.51 10699.18 3298.45 0.07 
1 514610.3 PF 4 4693.58 66.34 75.98 69.71 75.99 0.000021 0.5 9367.31 2683.07 0.07 
1 514610.3 PF 5 3435.75 66.34 74.7 69.38 74.71 0.00002 0.47 7275.67 2013.35 0.07 
             
1 511228.1 PF 1 6465.29 64.32 77.42 69.32 77.46 0.000028 0.88 7344.97 4311.59 0.09 
1 511228.1 PF 2 6286.97 64.32 77.28 69.28 77.32 0.000028 0.87 7243.74 4240.72 0.09 
1 511228.1 PF 3 5507.21 64.32 76.62 69.09 76.66 0.000027 0.82 6755.19 3617.87 0.09 
1 511228.1 PF 4 4693.58 64.32 75.88 68.89 75.91 0.000026 0.76 6209.18 3241.71 0.08 
1 511228.1 PF 5 3435.75 64.32 74.62 68.54 74.64 0.000024 0.65 5277.8 2913.92 0.08 
             
1 508372 PF 1 6465.29 66.91 77.34 69.78 77.38 0.000029 0.85 7618.16 4598.25 0.09 
1 508372 PF 2 6286.97 66.91 77.2 69.74 77.24 0.000029 0.84 7506.13 4519.75 0.09 
1 508372 PF 3 5507.21 66.91 76.54 69.55 76.58 0.000028 0.79 6964.45 4002.45 0.09 
1 508372 PF 4 4693.58 66.91 75.8 69.34 75.83 0.000028 0.74 6359.13 3537.08 0.08 
1 508372 PF 5 3435.75 66.91 74.54 68.96 74.57 0.000027 0.64 5327.22 3365.9 0.08 
             
1 505246.6 PF 1 6465.29 61.73 77.14 68.66 77.24 0.000068 1.42 4556.45 2561.99 0.14 
1 505246.6 PF 2 6286.97 61.73 77 68.57 77.1 0.000067 1.4 4499.3 2549.26 0.14 
1 505246.6 PF 3 5507.21 61.73 76.36 68.19 76.44 0.000063 1.3 4221.35 2487.33 0.13 
1 505246.6 PF 4 4693.58 61.73 75.63 67.75 75.7 0.000059 1.2 3910.49 2271 0.13 
1 505246.6 PF 5 3435.75 61.73 74.4 66.96 74.45 0.000052 1.02 3380.45 1589.33 0.12 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 502146.6 PF 1 6465.29 65.06 77.11 70.01 77.12 0.000016 0.45 14260.71 5447.31 0.06 
1 502146.6 PF 2 6286.97 65.06 76.98 69.97 76.99 0.000016 0.45 13924.28 5201.31 0.06 
1 502146.6 PF 3 5507.21 65.06 76.31 69.79 76.32 0.000019 0.45 12284.58 4413.48 0.06 
1 502146.6 PF 4 4693.58 65.06 75.57 69.58 75.58 0.000022 0.45 10475.37 3617.24 0.07 
1 502146.6 PF 5 3435.75 65.06 74.32 69.23 74.33 0.000025 0.44 7726.84 2848.01 0.07 
             
1 499046.6 PF 1 6465.29 64.54 77.08 70.28 77.09 0.000008 0.34 19239.46 6904.1 0.04 
1 499046.6 PF 2 6286.97 64.54 76.95 70.25 76.95 0.000008 0.33 18818.16 6779.55 0.04 
1 499046.6 PF 3 5507.21 64.54 76.28 70.07 76.28 0.000009 0.33 16760.32 6135.33 0.04 
1 499046.6 PF 4 4693.58 64.54 75.53 69.86 75.53 0.00001 0.32 14460.79 4976.51 0.05 
1 499046.6 PF 5 3435.75 64.54 74.27 69.44 74.27 0.000013 0.32 10749.18 3430.28 0.05 
             
1 495524.1 PF 1 6465.29 64.94 76.99 68.73 77.03 0.000034 0.97 6635.57 5160.84 0.1 
1 495524.1 PF 2 6286.97 64.94 76.85 68.68 76.9 0.000034 0.96 6546.53 5003.46 0.1 
1 495524.1 PF 3 5507.21 64.94 76.18 68.45 76.23 0.000032 0.9 6109.93 4256.84 0.09 
1 495524.1 PF 4 4693.58 64.94 75.44 68.2 75.47 0.000031 0.84 5620.67 3011.51 0.09 
1 495524.1 PF 5 3435.75 64.94 74.18 67.76 74.2 0.000028 0.72 4795.81 1886.14 0.08 
             
1 492900 PF 1 6465.29 67 76.93 69.51 76.96 0.000022 0.71 9062.74 2988.36 0.08 
1 492900 PF 2 6286.97 67 76.8 69.48 76.82 0.000022 0.7 8923.84 2823.77 0.08 
1 492900 PF 3 5507.21 67 76.13 69.31 76.15 0.000022 0.67 8241.63 2230.27 0.08 
1 492900 PF 4 4693.58 67 75.38 69.13 75.4 0.000022 0.63 7477.21 1703.76 0.07 
1 492900 PF 5 3435.75 67 74.12 68.81 74.13 0.000022 0.56 6189.56 1307.21 0.07 
             
1 489667 PF 1 6465.29 67 76.89 69.55 76.9 0.000012 0.49 13308.52 7194.08 0.06 
1 489667 PF 2 6286.97 67 76.75 69.51 76.77 0.000012 0.48 13069.65 6960.33 0.06 
1 489667 PF 3 5507.21 67 76.08 69.34 76.09 0.000013 0.46 11894.57 5787.21 0.06 
1 489667 PF 4 4693.58 67 75.33 69.14 75.34 0.000014 0.44 10576.85 4524.22 0.06 
1 489667 PF 5 3435.75 67 74.06 68.8 74.07 0.000017 0.41 8354.74 3049.31 0.06 
             
1 486717 PF 1 6465.29 66.02 76.85 68.77 76.87 0.000012 0.52 12527.43 8785.82 0.06 
1 486717 PF 2 6286.97 66.02 76.72 68.74 76.73 0.000012 0.51 12331.97 8447.29 0.06 
1 486717 PF 3 5507.21 66.02 76.05 68.58 76.06 0.000012 0.48 11369.02 6741.29 0.05 
1 486717 PF 4 4693.58 66.02 75.29 68.41 75.3 0.000012 0.46 10288.53 5315.67 0.05 
1 486717 PF 5 3435.75 66.02 74.02 68.12 74.03 0.000012 0.41 8464.94 3386.94 0.05 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 483600 PF 1 6465.29 65.53 76.79 68.98 76.82 0.00002 0.72 9027.5 12942.17 0.07 
1 483600 PF 2 6286.97 65.53 76.66 68.94 76.68 0.00002 0.71 8896.92 12645.29 0.07 
1 483600 PF 3 5507.21 65.53 75.99 68.76 76.01 0.00002 0.67 8252.21 11134.62 0.07 
1 483600 PF 4 4693.58 65.53 75.24 68.55 75.26 0.00002 0.62 7528.51 9166.8 0.07 
1 483600 PF 5 3435.75 65.53 73.97 68.21 73.98 0.000019 0.54 6307.07 6017.95 0.07 
             
1 480370.1 PF 1 6465.29 61.52 76.69 66.97 76.74 0.000029 1 6442.56 20491.09 0.09 
1 480370.1 PF 2 6286.97 61.52 76.55 66.92 76.6 0.000029 0.99 6369.96 20104.31 0.09 
1 480370.1 PF 3 5507.21 61.52 75.89 66.68 75.93 0.000027 0.92 6010.17 18035.79 0.09 
1 480370.1 PF 4 4693.58 61.52 75.15 66.42 75.18 0.000025 0.84 5606.08 16135.2 0.08 
1 480370.1 PF 5 3435.75 61.52 73.89 65.99 73.92 0.00002 0.7 4924.37 11604.81 0.07 
             
1 477879.2 PF 1 6465.29 59.65 76.55 65.29 76.64 0.000047 1.35 4783.35 21592.05 0.12 
1 477879.2 PF 2 6286.97 59.65 76.42 65.21 76.51 0.000046 1.33 4735.7 21457.45 0.12 
1 477879.2 PF 3 5507.21 59.65 75.77 64.8 75.85 0.000042 1.22 4498.23 20217.9 0.11 
1 477879.2 PF 4 4693.58 59.65 75.04 64.33 75.11 0.000037 1.11 4231.23 18284.46 0.1 
1 477879.2 PF 5 3435.75 59.65 73.81 63.54 73.86 0.000029 0.91 3780.69 12624.91 0.09 
             
1 474300 PF 1 6465.29 66.01 76.5 69.44 76.52 0.000017 0.61 10597.25 23782.19 0.07 
1 474300 PF 2 6286.97 66.01 76.37 69.4 76.39 0.000017 0.6 10430.05 23535.88 0.07 
1 474300 PF 3 5507.21 66.01 75.72 69.22 75.74 0.000018 0.57 9596.11 21795.5 0.07 
1 474300 PF 4 4693.58 66.01 74.99 69.02 75 0.000018 0.54 8659.67 19763.2 0.07 
1 474300 PF 5 3435.75 66.01 73.75 68.66 73.76 0.000019 0.49 7083.97 14372.69 0.07 
             
1 470953.7 PF 1 6465.29 63.36 76.43 67.97 76.46 0.000024 0.69 9386.54 20269.5 0.08 
1 470953.7 PF 2 6286.97 63.36 76.3 67.9 76.32 0.000024 0.68 9229.32 19818.74 0.08 
1 470953.7 PF 3 5507.21 63.36 75.65 67.62 75.67 0.000025 0.65 8442.59 18075.06 0.08 
1 470953.7 PF 4 4693.58 63.36 74.91 67.31 74.93 0.000026 0.62 7558.18 15482.98 0.08 
1 470953.7 PF 5 3435.75 63.36 73.67 66.76 73.69 0.000029 0.57 6068.34 9734.95 0.08 
             
1 468100 PF 1 6465.29 65.08 76.28 69.2 76.35 0.000054 1.16 5590.41 13119.74 0.12 
1 468100 PF 2 6286.97 65.08 76.16 69.15 76.22 0.000053 1.14 5512.77 12951.04 0.12 
1 468100 PF 3 5507.21 65.08 75.51 68.93 75.56 0.000052 1.08 5121.67 11353.03 0.12 
1 468100 PF 4 4693.58 65.08 74.77 68.68 74.83 0.000051 1 4681.23 9071.55 0.11 
1 468100 PF 5 3435.75 65.08 73.54 68.24 73.58 0.000049 0.87 3938.55 5637.66 0.11 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 465127 PF 1 6465.29 59.21 76.15 65.97 76.22 0.000039 1.11 5812.87 7330.42 0.11 
1 465127 PF 2 6286.97 59.21 76.03 65.88 76.09 0.000038 1.09 5746.95 7137.9 0.1 
1 465127 PF 3 5507.21 59.21 75.38 65.47 75.44 0.000036 1.02 5412.99 5674.33 0.1 
1 465127 PF 4 4693.58 59.21 74.66 65.01 74.7 0.000033 0.93 5036.84 4664.4 0.1 
1 465127 PF 5 3435.75 59.21 73.44 64.22 73.47 0.000028 0.78 4404.03 2826.19 0.09 
             
1 461900 PF 1 6465.29 65.72 76.1 68.67 76.12 0.000018 0.57 11362.42 5833.24 0.07 
1 461900 PF 2 6286.97 65.72 75.98 68.63 75.99 0.000018 0.56 11166.9 5704.28 0.07 
1 461900 PF 3 5507.21 65.72 75.33 68.46 75.34 0.000018 0.54 10174.32 5350.82 0.07 
1 461900 PF 4 4693.58 65.72 74.6 68.27 74.61 0.00002 0.52 9056.39 4913.69 0.07 
1 461900 PF 5 3435.75 65.72 73.37 67.96 73.38 0.000023 0.48 7177.14 4015.35 0.07 
             
1 458704.9 PF 1 6465.29 63.62 75.97 69.34 76.03 0.000048 1.04 6204.37 6765.06 0.11 
1 458704.9 PF 2 6286.97 63.62 75.85 69.3 75.9 0.000048 1.03 6113.23 6612.7 0.11 
1 458704.9 PF 3 5507.21 63.62 75.2 69.12 75.25 0.000048 0.98 5647.26 5790.51 0.11 
1 458704.9 PF 4 4693.58 63.62 74.47 68.92 74.52 0.000048 0.92 5121.27 4955.01 0.11 
1 458704.9 PF 5 3435.75 63.62 73.24 68.59 73.28 0.000049 0.81 4235.14 4006.84 0.11 
             
1 455700 PF 1 6465.29 67.21 75.8 69.69 75.87 0.000062 1.12 5772.08 9834.71 0.13 
1 455700 PF 2 6286.97 67.21 75.68 69.65 75.74 0.000061 1.11 5681.55 9412.07 0.13 
1 455700 PF 3 5507.21 67.21 75.03 69.46 75.09 0.000063 1.06 5214.31 7882.54 0.13 
1 455700 PF 4 4693.58 67.21 74.3 69.25 74.35 0.000065 1 4685.67 6439.3 0.13 
1 455700 PF 5 3435.75 67.21 73.06 68.9 73.1 0.00007 0.91 3794.01 4830.04 0.13 
             
1 452533.4 PF 1 6465.29 61.03 75.74 68.05 75.76 0.000018 0.62 10404.45 10101.21 0.07 
1 452533.4 PF 2 6286.97 61.03 75.61 68.01 75.63 0.000018 0.61 10247.51 10008.47 0.07 
1 452533.4 PF 3 5507.21 61.03 74.96 67.81 74.98 0.000018 0.58 9434.34 9471.7 0.07 
1 452533.4 PF 4 4693.58 61.03 74.22 67.54 74.24 0.000018 0.55 8513.26 8745.47 0.07 
1 452533.4 PF 5 3435.75 61.03 72.98 66.28 72.99 0.000019 0.49 6957.94 7356.31 0.07 
             
1 449500 PF 1 6465.29 66.42 75.62 69.05 75.67 0.000044 0.98 6586.47 10160.72 0.11 
1 449500 PF 2 6286.97 66.42 75.5 69.01 75.55 0.000044 0.97 6489.52 10136.84 0.11 
1 449500 PF 3 5507.21 66.42 74.85 68.85 74.89 0.000044 0.92 5983.72 9690.58 0.11 
1 449500 PF 4 4693.58 66.42 74.11 68.66 74.15 0.000045 0.87 5409.88 8775.23 0.11 
1 449500 PF 5 3435.75 66.42 72.87 68.35 72.9 0.000046 0.77 4440.15 6759.91 0.1 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 446400 PF 1 6465.29 63.76 75.49 67.41 75.54 0.000039 1.04 6208.7 9707.34 0.1 
1 446400 PF 2 6286.97 63.76 75.37 67.36 75.42 0.000039 1.03 6133.14 9498.89 0.1 
1 446400 PF 3 5507.21 63.76 74.72 67.15 74.77 0.000037 0.96 5735.66 8731.45 0.1 
1 446400 PF 4 4693.58 63.76 73.99 66.91 74.03 0.000035 0.89 5284.2 7897.74 0.1 
1 446400 PF 5 3435.75 63.76 72.75 66.47 72.78 0.000032 0.76 4521.61 6032.1 0.09 
             
1 443164.1 PF 1 6465.29 59.99 75.31 68.6 75.38 0.000063 1.16 5579.37 5597.12 0.13 
1 443164.1 PF 2 6286.97 59.99 75.19 68.52 75.26 0.000063 1.14 5498.09 5417.9 0.13 
1 443164.1 PF 3 5507.21 59.99 74.55 68.13 74.61 0.000063 1.09 5065.72 4299.65 0.13 
1 443164.1 PF 4 4693.58 59.99 73.82 67.56 73.88 0.000064 1.03 4574.08 3264.99 0.13 
1 443164.1 PF 5 3435.75 59.99 72.59 66.44 72.64 0.000067 0.92 3745.09 1705.38 0.12 
             
1 440200 PF 1 6465.29 65.83 75.32 67.6 75.32 0.000006 0.36 18024.49 8077.28 0.04 
1 440200 PF 2 6286.97 65.83 75.2 67.58 75.2 0.000006 0.35 17764.21 7951.7 0.04 
1 440200 PF 3 5507.21 65.83 74.55 67.47 74.56 0.000006 0.34 16379.86 6952.92 0.04 
1 440200 PF 4 4693.58 65.83 73.82 67.34 73.82 0.000006 0.32 14805.76 6116.33 0.04 
1 440200 PF 5 3435.75 65.83 72.58 67.13 72.58 0.000006 0.28 12151.33 4296.06 0.04 
             
1 435810.1 PF 1 6465.29 60.02 75.13 67.09 75.25 0.00008 1.52 4267.16 10300.13 0.15 
1 435810.1 PF 2 6286.97 60.02 75.01 67.01 75.13 0.000079 1.49 4218.96 9879.66 0.15 
1 435810.1 PF 3 5507.21 60.02 74.38 66.65 74.48 0.000075 1.39 3958.96 8747.92 0.14 
1 435810.1 PF 4 4693.58 60.02 73.67 66.24 73.75 0.00007 1.28 3662.7 7312.85 0.14 
1 435810.1 PF 5 3435.75 60.02 72.45 65.51 72.51 0.00006 1.09 3165.38 5325.89 0.12 
             
1 433641 PF 1 6465.29 62.92 75.04 66.72 75.1 0.000046 1.14 5671.55 8654.82 0.11 
1 433641 PF 2 6286.97 62.92 74.92 66.67 74.99 0.000045 1.12 5607.63 8360.14 0.11 
1 433641 PF 3 5507.21 62.92 74.29 66.41 74.35 0.000043 1.05 5260.48 7330.6 0.11 
1 433641 PF 4 4693.58 62.92 73.58 66.11 73.63 0.00004 0.96 4864.72 6108.24 0.1 
1 433641 PF 5 3435.75 62.92 72.37 65.61 72.41 0.000035 0.82 4198.39 4215.3 0.09 
             
1 430809.6 PF 1 6465.29 64.72 74.99 67.7 75.01 0.00002 0.65 9989.07 11793 0.07 
1 430809.6 PF 2 6286.97 64.72 74.87 67.66 74.89 0.00002 0.64 9846.11 11535.2 0.07 
1 430809.6 PF 3 5507.21 64.72 74.24 67.49 74.26 0.00002 0.61 9066.61 10319.54 0.07 
1 430809.6 PF 4 4693.58 64.72 73.52 67.29 73.54 0.000021 0.57 8177.91 8890.14 0.07 
1 430809.6 PF 5 3435.75 64.72 72.31 66.93 72.32 0.000022 0.51 6683.39 5994.85 0.07 
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Table 18. (cont.) 
Reach River Sta Profile Q Total (m3/s) 
Min Ch El 
(m) 
W.S. Elev 
(m) 
Crit W.S. 
(m) 
E.G. Elev 
(m) 
E.G. Slope 
(m/m) 
Vel Chnl 
(m/s) 
Flow Area 
(m2) 
Top Width 
(m) 
Froude # 
Chl 
1 427621.4 PF 1 6465.29 62.87 74.89 68.06 74.92 0.000034 0.81 7995.24 14895.79 0.09 
1 427621.4 PF 2 6286.97 62.87 74.78 68.01 74.81 0.000034 0.8 7873.94 14467.4 0.09 
1 427621.4 PF 3 5507.21 62.87 74.14 67.8 74.17 0.000035 0.76 7206.95 11832.91 0.09 
1 427621.4 PF 4 4693.58 62.87 73.42 67.56 73.45 0.000037 0.73 6444.93 9157.1 0.09 
1 427621.4 PF 5 3435.75 62.87 72.21 67.17 72.23 0.000042 0.67 5161.61 6152.87 0.1 
             
1 424700 PF 1 6465.29 59.62 74.7 65.79 74.79 0.000056 1.33 4855.71 13908.52 0.13 
1 424700 PF 2 6286.97 59.62 74.59 65.71 74.68 0.000055 1.31 4807.19 13463.17 0.13 
1 424700 PF 3 5507.21 59.62 73.97 65.37 74.05 0.000051 1.21 4535.65 10745.97 0.12 
1 424700 PF 4 4693.58 59.62 73.26 64.98 73.32 0.000047 1.11 4224.47 8635.69 0.11 
1 424700 PF 5 3435.75 59.62 72.06 64.3 72.11 0.000039 0.93 3700.39 5995.71 0.1 
             
1 421600 PF 1 6465.29 61.39 74.49 67.38 74.59 0.000075 1.38 4669.43 15553.86 0.14 
1 421600 PF 2 6286.97 61.39 74.39 67.32 74.48 0.000074 1.36 4616.7 15244.65 0.14 
1 421600 PF 3 5507.21 61.39 73.78 67.06 73.86 0.000071 1.28 4315.41 13570.91 0.14 
1 421600 PF 4 4693.58 61.39 73.08 66.77 73.15 0.000068 1.18 3969.76 11616.19 0.13 
1 421600 PF 5 3435.75 61.39 71.9 66.27 71.96 0.000062 1.01 3390.01 7422.35 0.12 
             
1 418500 PF 1 6465.29 61.75 74.37 65.72 74.43 0.000034 1 6468.57 17861.4 0.1 
1 418500 PF 2 6286.97 61.75 74.27 65.66 74.32 0.000033 0.98 6404.35 17449.58 0.1 
1 418500 PF 3 5507.21 61.75 73.67 65.38 73.71 0.000031 0.91 6032.67 14826.4 0.09 
1 418500 PF 4 4693.58 61.75 72.97 65.07 73.01 0.000029 0.84 5606.08 10788.75 0.09 
1 418500 PF 5 3435.75 61.75 71.81 64.58 71.83 0.000024 0.7 4892.68 5385.2 0.08 
             
1 415400 PF 1 6465.29 63.05 74.29 67.87 74.32 0.000032 0.72 8994.07 12440.79 0.09 
1 415400 PF 2 6286.97 63.05 74.19 67.82 74.21 0.000032 0.71 8853.22 12201.89 0.09 
1 415400 PF 3 5507.21 63.05 73.58 67.57 73.6 0.000034 0.69 8029.88 10685.65 0.09 
1 415400 PF 4 4693.58 63.05 72.88 67.29 72.9 0.000038 0.66 7083.83 9381 0.09 
1 415400 PF 5 3435.75 63.05 71.71 66.77 71.73 0.000047 0.62 5503.87 7407.97 0.1 
             
1 412300 PF 1 6465.29 65.61 74.24 68.03 74.25 0.000014 0.42 15502.57 11333.45 0.06 
1 412300 PF 2 6286.97 65.61 74.13 68 74.14 0.000014 0.41 15212.21 11161.89 0.06 
1 412300 PF 3 5507.21 65.61 73.52 67.83 73.53 0.000015 0.41 13525.65 9411.83 0.06 
1 412300 PF 4 4693.58 65.61 72.81 67.66 72.82 0.000017 0.4 11644.08 7929.03 0.06 
1 412300 PF 5 3435.75 65.61 71.62 67.35 71.63 0.000024 0.4 8609.85 6677.48 0.07 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 408972.7 PF 1 6465.29 61.5 74.18 67.64 74.19 0.000019 0.53 12105.92 9035.36 0.07 
1 408972.7 PF 2 6286.97 61.5 74.07 67.58 74.09 0.000019 0.53 11907.98 8960.15 0.07 
1 408972.7 PF 3 5507.21 61.5 73.46 67.29 73.47 0.00002 0.51 10737.24 8245.83 0.07 
1 408972.7 PF 4 4693.58 61.5 72.74 66.99 72.75 0.000023 0.5 9380.22 7213.45 0.07 
1 408972.7 PF 5 3435.75 61.5 71.52 66.48 71.54 0.000032 0.49 7078.54 6178.08 0.08 
             
1 406282.7 PF 1 6465.29 62.01 74.17 66.68 74.17 0.000004 0.25 25572.45 8927.71 0.03 
1 406282.7 PF 2 6286.97 62.01 74.06 66.63 74.07 0.000004 0.25 25167.38 8802.62 0.03 
1 406282.7 PF 3 5507.21 62.01 73.44 66.42 73.44 0.000004 0.24 22767.17 7910.89 0.03 
1 406282.7 PF 4 4693.58 62.01 72.72 66.13 72.72 0.000005 0.23 19981.74 7081.55 0.03 
1 406282.7 PF 5 3435.75 62.01 71.5 65.67 71.5 0.000006 0.23 15244.35 5612.41 0.04 
             
1 403000 PF 1 6465.29 58.53 74.15 65.39 74.15 0.000006 0.32 20331.9 9148.05 0.04 
1 403000 PF 2 6286.97 58.53 74.04 65.34 74.05 0.000006 0.31 20025.82 8972.75 0.04 
1 403000 PF 3 5507.21 58.53 73.42 65.12 73.43 0.000006 0.3 18207.63 7974.16 0.04 
1 403000 PF 4 4693.58 58.53 72.7 64.84 72.71 0.000007 0.29 16095.5 6825.81 0.04 
1 403000 PF 5 3435.75 58.53 71.47 63.73 71.48 0.000009 0.27 12496.75 4949.27 0.04 
             
1 399803.4 PF 1 6465.29 60.91 74.1 66.37 74.12 0.000021 0.66 9824.42 10146.16 0.07 
1 399803.4 PF 2 6286.97 60.91 73.99 66.32 74.01 0.000021 0.65 9696.06 9661.87 0.07 
1 399803.4 PF 3 5507.21 60.91 73.37 66.08 73.39 0.000021 0.62 8928.25 7378.94 0.07 
1 399803.4 PF 4 4693.58 60.91 72.65 65.81 72.67 0.000022 0.58 8034.71 5467.49 0.07 
1 399803.4 PF 5 3435.75 60.91 71.42 65.34 71.43 0.000024 0.53 6509.05 3818.27 0.07 
             
1 396800 PF 1 6465.29 62.72 74.01 66.89 74.04 0.000032 0.81 7998.86 13512.1 0.09 
1 396800 PF 2 6286.97 62.72 73.9 66.82 73.94 0.000032 0.8 7895.87 13200.33 0.09 
1 396800 PF 3 5507.21 62.72 73.28 66.44 73.31 0.000032 0.76 7272.18 11871.18 0.09 
1 396800 PF 4 4693.58 62.72 72.56 66.15 72.59 0.000033 0.72 6544.49 10125.45 0.09 
1 396800 PF 5 3435.75 62.72 71.32 65.68 71.34 0.000036 0.65 5299.57 8001.75 0.09 
             
1 393700 PF 1 6465.29 59.41 73.87 66.22 73.92 0.000042 1.01 6413.57 12662.67 0.11 
1 393700 PF 2 6286.97 59.41 73.77 66.17 73.82 0.000041 0.99 6343.56 12608.79 0.11 
1 393700 PF 3 5507.21 59.41 73.16 65.95 73.2 0.00004 0.93 5911.36 12190.56 0.1 
1 393700 PF 4 4693.58 59.41 72.44 65.69 72.47 0.000039 0.87 5405.47 11289.95 0.1 
1 393700 PF 5 3435.75 59.41 71.2 65.26 71.23 0.000037 0.76 4538.98 9574.08 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 390552.6 PF 1 6465.29 59.59 73.75 65.68 73.8 0.000038 1 6454.08 14601.34 0.1 
1 390552.6 PF 2 6286.97 59.59 73.65 65.61 73.7 0.000037 0.98 6389.13 14575.34 0.1 
1 390552.6 PF 3 5507.21 59.59 73.04 65.26 73.08 0.000036 0.92 5980.44 14424.29 0.1 
1 390552.6 PF 4 4693.58 59.59 72.32 64.79 72.36 0.000034 0.85 5501 14114.57 0.09 
1 390552.6 PF 5 3435.75 59.59 71.09 64.15 71.12 0.000032 0.73 4680.29 12533.88 0.09 
             
1 387500 PF 1 6465.29 62.68 73.63 66.06 73.68 0.000037 0.97 6657.86 12453.12 0.1 
1 387500 PF 2 6286.97 62.68 73.54 66.02 73.59 0.000036 0.95 6590.86 12396.89 0.1 
1 387500 PF 3 5507.21 62.68 72.93 65.82 72.97 0.000035 0.89 6161.42 11748.4 0.1 
1 387500 PF 4 4693.58 62.68 72.22 65.61 72.25 0.000034 0.83 5656.62 10485.52 0.09 
1 387500 PF 5 3435.75 62.68 71 65.24 71.02 0.000031 0.72 4793.23 8206.21 0.09 
             
1 384400 PF 1 6465.29 58.33 73.58 64.48 73.59 0.000019 0.53 12271.22 8932.37 0.07 
1 384400 PF 2 6286.97 58.33 73.48 64.41 73.5 0.000019 0.52 12083.99 8824.56 0.07 
1 384400 PF 3 5507.21 58.33 72.87 64.07 72.88 0.000021 0.51 10873.02 8150 0.07 
1 384400 PF 4 4693.58 58.33 72.15 63.69 72.16 0.000023 0.5 9479.86 7383.63 0.07 
1 384400 PF 5 3435.75 58.33 70.92 63.02 70.93 0.000027 0.48 7218.92 5496.09 0.08 
             
1 381990.1 PF 1 6465.29 56.9 73.54 62.95 73.55 0.000013 0.47 13715.55 10116.37 0.06 
1 381990.1 PF 2 6286.97 56.9 73.45 62.85 73.46 0.000013 0.46 13525.82 10028.4 0.06 
1 381990.1 PF 3 5507.21 56.9 72.83 62.44 72.84 0.000014 0.45 12289.43 9280.52 0.06 
1 381990.1 PF 4 4693.58 56.9 72.11 61.96 72.12 0.000016 0.43 10833.84 8494.44 0.06 
1 381990.1 PF 5 3435.75 56.9 70.86 61.15 70.87 0.00002 0.41 8336.71 6838.03 0.06 
             
1 378200 PF 1 6465.29 59.7 73.43 64.69 73.47 0.000031 0.95 6800.24 8122.37 0.09 
1 378200 PF 2 6286.97 59.7 73.34 64.64 73.38 0.000031 0.93 6740.03 8017.41 0.09 
1 378200 PF 3 5507.21 59.7 72.73 64.38 72.77 0.000029 0.87 6339.19 7192.27 0.09 
1 378200 PF 4 4693.58 59.7 72.01 64.1 72.04 0.000027 0.8 5865.53 6836.91 0.09 
1 378200 PF 5 3435.75 59.7 70.77 63.6 70.79 0.000024 0.68 5051.07 5744.89 0.08 
             
1 375021.6 PF 1 6465.29 60.74 73.3 66.15 73.36 0.000044 1.04 6191.32 10038.28 0.11 
1 375021.6 PF 2 6286.97 60.74 73.21 66.11 73.27 0.000043 1.03 6131.68 9914.46 0.11 
1 375021.6 PF 3 5507.21 60.74 72.61 65.92 72.65 0.000042 0.96 5724.29 8579.26 0.11 
1 375021.6 PF 4 4693.58 60.74 71.89 65.72 71.93 0.000041 0.9 5241.63 6924.87 0.1 
1 375021.6 PF 5 3435.75 60.74 70.66 65.37 70.69 0.000039 0.78 4412.36 4629.34 0.1 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 372000 PF 1 6465.29 59.67 73.17 64.66 73.23 0.00004 1.05 6149.89 6666.69 0.11 
1 372000 PF 2 6286.97 59.67 73.09 64.59 73.14 0.000039 1.03 6098.06 6584.66 0.1 
1 372000 PF 3 5507.21 59.67 72.49 64.3 72.54 0.000036 0.96 5733.82 6154.43 0.1 
1 372000 PF 4 4693.58 59.67 71.78 63.98 71.82 0.000034 0.89 5300.87 5740.91 0.1 
1 372000 PF 5 3435.75 59.67 70.56 63.43 70.59 0.00003 0.75 4557.47 4658.47 0.09 
             
1 368900 PF 1 6465.29 62.56 73.04 65.96 73.09 0.000047 1.06 6083.95 6997.83 0.11 
1 368900 PF 2 6286.97 62.56 72.96 65.91 73.01 0.000046 1.04 6028.89 6930.63 0.11 
1 368900 PF 3 5507.21 62.56 72.36 65.71 72.41 0.000044 0.98 5629.09 6768.77 0.11 
1 368900 PF 4 4693.58 62.56 71.66 65.48 71.7 0.000043 0.91 5152.44 6685.88 0.11 
1 368900 PF 5 3435.75 62.56 70.45 65.1 70.48 0.000041 0.79 4334.88 6261.18 0.1 
             
1 366297.5 PF 1 6465.29 63.12 72.97 65.71 73 0.000026 0.78 8268.2 8955.3 0.08 
1 366297.5 PF 2 6286.97 63.12 72.89 65.67 72.92 0.000026 0.77 8193.34 8852.73 0.08 
1 366297.5 PF 3 5507.21 63.12 72.29 65.52 72.32 0.000025 0.72 7639.68 8081.92 0.08 
1 366297.5 PF 4 4693.58 63.12 71.59 65.35 71.61 0.000024 0.67 6978.42 7121.49 0.08 
1 366297.5 PF 5 3435.75 63.12 70.38 65.06 70.39 0.000024 0.59 5844.69 6012.26 0.08 
             
1 362700 PF 1 6465.29 60.37 72.87 65.17 72.9 0.000027 0.8 8119.43 8717.34 0.09 
1 362700 PF 2 6286.97 60.37 72.79 65.12 72.82 0.000026 0.78 8048.8 8595.48 0.08 
1 362700 PF 3 5507.21 60.37 72.2 64.89 72.23 0.000025 0.73 7512.2 7666.6 0.08 
1 362700 PF 4 4693.58 60.37 71.5 64.64 71.52 0.000025 0.68 6869.53 6064.43 0.08 
1 362700 PF 5 3435.75 60.37 70.29 64.19 70.31 0.000024 0.6 5767.83 4233.62 0.08 
             
1 359600 PF 1 6465.29 62.5 72.8 65.6 72.82 0.000023 0.67 9717.71 13152.28 0.08 
1 359600 PF 2 6286.97 62.5 72.72 65.55 72.75 0.000022 0.65 9622.87 13016.37 0.08 
1 359600 PF 3 5507.21 62.5 72.14 65.39 72.16 0.000022 0.62 8887.41 11947.44 0.07 
1 359600 PF 4 4693.58 62.5 71.43 65.2 71.45 0.000023 0.59 8004.53 10692.62 0.07 
1 359600 PF 5 3435.75 62.5 70.22 64.9 70.23 0.000024 0.53 6490.28 7729.31 0.07 
             
1 356500 PF 1 6465.29 62.07 72.7 65.06 72.74 0.00003 0.87 7464.43 13694.64 0.09 
1 356500 PF 2 6286.97 62.07 72.63 65.02 72.67 0.00003 0.85 7405.39 13599.38 0.09 
1 356500 PF 3 5507.21 62.07 72.04 64.84 72.08 0.000028 0.79 6933.16 12733.6 0.09 
1 356500 PF 4 4693.58 62.07 71.34 64.62 71.37 0.000027 0.74 6364.32 11019.94 0.08 
1 356500 PF 5 3435.75 62.07 70.13 64.28 70.16 0.000025 0.64 5387.96 6870.03 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 353400 PF 1 6465.29 62.19 72.62 65.95 72.65 0.000027 0.73 8819.87 12998.48 0.08 
1 353400 PF 2 6286.97 62.19 72.55 65.9 72.58 0.000026 0.72 8741.12 12844.25 0.08 
1 353400 PF 3 5507.21 62.19 71.97 65.71 71.99 0.000026 0.68 8093.95 11473.78 0.08 
1 353400 PF 4 4693.58 62.19 71.26 65.49 71.28 0.000026 0.64 7312.33 10368.19 0.08 
1 353400 PF 5 3435.75 62.19 70.06 65.1 70.07 0.000028 0.58 5970.64 7743.05 0.08 
             
1 350340.4 PF 1 6465.29 61.51 72.54 65.23 72.57 0.000026 0.72 8974.66 13766.46 0.08 
1 350340.4 PF 2 6286.97 61.51 72.47 65.19 72.5 0.000025 0.71 8897.06 13706.14 0.08 
1 350340.4 PF 3 5507.21 61.51 71.89 64.99 71.91 0.000025 0.67 8240.8 12566.94 0.08 
1 350340.4 PF 4 4693.58 61.51 71.19 64.77 71.21 0.000025 0.63 7445.62 11229.56 0.08 
1 350340.4 PF 5 3435.75 61.51 69.97 64.4 69.99 0.000027 0.57 6078.74 7745.72 0.08 
             
1 347200 PF 1 6465.29 62.63 72.43 66.38 72.47 0.00004 0.88 7323.94 9820.7 0.1 
1 347200 PF 2 6286.97 62.63 72.36 66.32 72.4 0.000039 0.87 7261.69 9690.15 0.1 
1 347200 PF 3 5507.21 62.63 71.78 66.16 71.82 0.000039 0.82 6711.19 8283.28 0.1 
1 347200 PF 4 4693.58 62.63 71.08 65.99 71.11 0.00004 0.78 6040.78 7338.88 0.1 
1 347200 PF 5 3435.75 62.63 69.86 65.61 69.88 0.000044 0.7 4885.71 4862.07 0.1 
             
1 344100 PF 1 6465.29 62.78 72.34 65.6 72.36 0.000026 0.71 9066.01 7779.75 0.08 
1 344100 PF 2 6286.97 62.78 72.28 65.54 72.3 0.000025 0.7 8992.25 7677.14 0.08 
1 344100 PF 3 5507.21 62.78 71.69 65.35 71.72 0.000025 0.66 8314.6 6545.92 0.08 
1 344100 PF 4 4693.58 62.78 70.98 65.15 71 0.000026 0.63 7485.78 5507.53 0.08 
1 344100 PF 5 3435.75 62.78 69.76 64.8 69.77 0.000028 0.57 6053.87 4699.17 0.08 
             
1 341000 PF 1 6465.29 62.11 72.27 65.05 72.29 0.000022 0.7 9242.53 9433.98 0.08 
1 341000 PF 2 6286.97 62.11 72.2 64.94 72.23 0.000021 0.69 9176.55 9262.03 0.08 
1 341000 PF 3 5507.21 62.11 71.63 64.77 71.65 0.000021 0.64 8549.61 7065.19 0.07 
1 341000 PF 4 4693.58 62.11 70.91 64.59 70.93 0.000021 0.6 7780.33 5900.9 0.07 
1 341000 PF 5 3435.75 62.11 69.68 64.27 69.7 0.000021 0.53 6449.74 5171.26 0.07 
             
1 337924.9 PF 1 6465.29 61.09 72.2 64.9 72.22 0.000021 0.6 10779.46 7492.74 0.07 
1 337924.9 PF 2 6286.97 61.09 72.14 64.86 72.16 0.000021 0.59 10687.68 7302.73 0.07 
1 337924.9 PF 3 5507.21 61.09 71.56 64.65 71.58 0.000021 0.56 9788.97 5359.3 0.07 
1 337924.9 PF 4 4693.58 61.09 70.85 64.44 70.86 0.000023 0.54 8682.66 4130.13 0.07 
1 337924.9 PF 5 3435.75 61.09 69.61 64.06 69.63 0.000027 0.51 6780.59 3500.81 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 334744.9 PF 1 6465.29 58.72 72.11 64.82 72.13 0.000038 0.61 10649.26 6638.01 0.09 
1 334744.9 PF 2 6286.97 58.72 72.06 64.76 72.08 0.000037 0.6 10516.25 6458.19 0.09 
1 334744.9 PF 3 5507.21 58.72 71.47 64.5 71.49 0.000044 0.6 9163.44 4680.35 0.1 
1 334744.9 PF 4 4693.58 58.72 70.73 64.21 70.75 0.000057 0.62 7532.33 3746.49 0.11 
1 334744.9 PF 5 3435.75 58.72 69.48 63.7 69.5 0.000066 0.67 5152.77 2544.61 0.11 
             
1 331700 PF 1 6465.29 61.99 72.05 64.76 72.06 0.000016 0.5 12988.89 5846.88 0.06 
1 331700 PF 2 6286.97 61.99 71.99 64.72 72 0.000015 0.49 12877.83 5346.16 0.06 
1 331700 PF 3 5507.21 61.99 71.4 64.58 71.41 0.000016 0.47 11695.12 3505.02 0.06 
1 331700 PF 4 4693.58 61.99 70.65 64.42 70.66 0.000019 0.46 10214.83 2328.76 0.06 
1 331700 PF 5 3435.75 61.99 69.37 64.13 69.38 0.000024 0.45 7702.59 2118.68 0.07 
             
1 328600 PF 1 6465.29 58.93 71.96 64.64 71.99 0.000036 0.79 8155.48 4165.82 0.09 
1 328600 PF 2 6286.97 58.93 71.9 64.58 71.93 0.000035 0.78 8094.77 4054.7 0.09 
1 328600 PF 3 5507.21 58.93 71.31 64.32 71.33 0.000036 0.74 7411.59 2933.66 0.09 
1 328600 PF 4 4693.58 58.93 70.55 64.03 70.58 0.000039 0.72 6550.03 1696.24 0.1 
1 328600 PF 5 3435.75 58.93 69.25 63.53 69.28 0.00005 0.68 5066.53 1313.85 0.1 
             
1 325500 PF 1 6465.29 59.28 71.81 63.74 71.87 0.000041 1.03 6286.18 7718.8 0.11 
1 325500 PF 2 6286.97 59.28 71.77 63.68 71.82 0.000039 1.01 6254.9 7540.03 0.1 
1 325500 PF 3 5507.21 59.28 71.17 63.41 71.22 0.000037 0.94 5867.31 5230.55 0.1 
1 325500 PF 4 4693.58 59.28 70.42 63.13 70.46 0.000036 0.87 5374.43 2777.08 0.1 
1 325500 PF 5 3435.75 59.28 69.12 62.67 69.15 0.000034 0.76 4523.05 1048.67 0.09 
             
1 322400 PF 1 6465.29 60.09 71.73 63.99 71.76 0.000026 0.81 7964.25 6605.36 0.08 
1 322400 PF 2 6286.97 60.09 71.68 63.96 71.72 0.000025 0.79 7926.61 6588.38 0.08 
1 322400 PF 3 5507.21 60.09 71.09 63.79 71.12 0.000024 0.74 7429 6202.63 0.08 
1 322400 PF 4 4693.58 60.09 70.34 63.62 70.37 0.000023 0.69 6793.55 5564.73 0.08 
1 322400 PF 5 3435.75 60.09 69.04 63.32 69.06 0.000022 0.6 5696.06 3071.86 0.07 
             
1 319338.3 PF 1 6465.29 60.73 71.66 64.13 71.69 0.000023 0.69 9326.65 4016.08 0.08 
1 319338.3 PF 2 6286.97 60.73 71.62 64.09 71.64 0.000022 0.68 9279.35 3995.61 0.08 
1 319338.3 PF 3 5507.21 60.73 71.03 63.91 71.05 0.000021 0.64 8617.03 3706.64 0.07 
1 319338.3 PF 4 4693.58 60.73 70.28 63.7 70.3 0.000022 0.6 7768.07 3037.38 0.07 
1 319338.3 PF 5 3435.75 60.73 68.98 63.28 68.99 0.000023 0.54 6313.83 2122.73 0.07 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 316216.9 PF 1 6465.29 58.45 71.6 62.25 71.61 0.000022 0.57 11298.74 6290.77 0.07 
1 316216.9 PF 2 6286.97 58.45 71.56 62.2 71.57 0.000021 0.56 11228.04 6264.89 0.07 
1 316216.9 PF 3 5507.21 58.45 70.97 61.97 70.98 0.000022 0.54 10177.72 5824.47 0.07 
1 316216.9 PF 4 4693.58 58.45 70.21 61.71 70.22 0.000025 0.53 8850.03 4924.55 0.07 
1 316216.9 PF 5 3435.75 58.45 68.91 61.26 68.92 0.000023 0.51 6762.47 3101.04 0.07 
             
1 313121.1 PF 1 6465.29 61.44 71.5 64.09 71.54 0.000028 0.82 7929.69 4966.78 0.09 
1 313121.1 PF 2 6286.97 61.44 71.47 64.05 71.5 0.000027 0.8 7897.76 4943.12 0.09 
1 313121.1 PF 3 5507.21 61.44 70.88 63.86 70.91 0.000026 0.75 7373.98 4194.2 0.08 
1 313121.1 PF 4 4693.58 61.44 70.12 63.66 70.14 0.000026 0.7 6697.67 3380.57 0.08 
1 313121.1 PF 5 3435.75 61.44 68.82 63.32 68.84 0.000026 0.62 5545.39 1933.91 0.08 
             
1 310000 PF 1 6465.29 58.22 71.4 62.04 71.44 0.000029 0.95 6833.17 5102.07 0.09 
1 310000 PF 2 6286.97 58.22 71.37 61.99 71.41 0.000028 0.92 6813.53 5065.02 0.09 
1 310000 PF 3 5507.21 58.22 70.79 61.75 70.82 0.000026 0.85 6448.85 4349.23 0.09 
1 310000 PF 4 4693.58 58.22 70.03 61.46 70.06 0.000024 0.79 5975.15 4102.06 0.08 
1 310000 PF 5 3435.75 58.22 68.75 60.93 68.77 0.000021 0.66 5168.28 2861.81 0.07 
             
1 306247.4 PF 1 6465.29 54.69 71.24 60.66 71.31 0.00004 1.2 5406.31 9332.12 0.11 
1 306247.4 PF 2 6286.97 54.69 71.22 60.57 71.29 0.000039 1.17 5395.73 9301.14 0.11 
1 306247.4 PF 3 5507.21 54.69 70.65 60.2 70.71 0.000035 1.07 5143.57 8305.64 0.1 
1 306247.4 PF 4 4693.58 54.69 69.91 59.77 69.96 0.000031 0.98 4812.8 6374.7 0.09 
1 306247.4 PF 5 3435.75 54.69 68.65 59.03 68.68 0.000026 0.81 4249.62 3843.36 0.08 
             
1 303800 PF 1 6465.29 60.35 71.2 63.68 71.22 0.000026 0.64 10098.7 10246.18 0.08 
1 303800 PF 2 6286.97 60.35 71.18 63.64 71.2 0.000025 0.62 10064.65 10219.1 0.08 
1 303800 PF 3 5507.21 60.35 70.61 63.45 70.63 0.000026 0.6 9182.35 8772.74 0.08 
1 303800 PF 4 4693.58 60.35 69.86 63.24 69.87 0.00003 0.59 8021.97 6117.9 0.08 
1 303800 PF 5 3435.75 60.35 68.59 62.88 68.6 0.000036 0.56 6095.42 2408.71 0.09 
             
1 300700 PF 1 6465.29 54.61 71.02 60.64 71.11 0.000046 1.3 4963.96 10975.45 0.12 
1 300700 PF 2 6286.97 54.61 71.01 60.56 71.09 0.000044 1.27 4958.71 10894.59 0.11 
1 300700 PF 3 5507.21 54.61 70.45 60.17 70.52 0.000039 1.16 4736.73 8272.41 0.11 
1 300700 PF 4 4693.58 54.61 69.71 59.74 69.77 0.000035 1.06 4440.77 4570.87 0.1 
1 300700 PF 5 3435.75 54.61 68.46 58.97 68.5 0.000028 0.87 3940.65 2419.54 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 297712.2 PF 1 6465.29 58.11 70.95 63.76 70.98 0.00003 0.81 7970.87 7563.41 0.09 
1 297712.2 PF 2 6286.97 58.11 70.94 63.71 70.97 0.000028 0.79 7961.95 7526.97 0.09 
1 297712.2 PF 3 5507.21 58.11 70.38 63.47 70.41 0.000027 0.74 7439.99 5611.79 0.08 
1 297712.2 PF 4 4693.58 58.11 69.64 63.2 69.67 0.000028 0.7 6741.2 3989.77 0.08 
1 297712.2 PF 5 3435.75 58.11 68.39 62.44 68.41 0.000028 0.62 5563.4 2291.66 0.08 
             
1 294500 PF 1 6465.29 56.73 70.78 62.49 70.85 0.000052 1.17 5508.09 5101.48 0.12 
1 294500 PF 2 6286.97 56.73 70.78 62.42 70.85 0.00005 1.14 5507.71 5100.25 0.12 
1 294500 PF 3 5507.21 56.73 70.24 62.13 70.3 0.000046 1.06 5199.42 4023.14 0.11 
1 294500 PF 4 4693.58 56.73 69.5 61.83 69.55 0.000044 0.98 4781.31 2497.58 0.11 
1 294500 PF 5 3435.75 56.73 68.27 61.29 68.3 0.00004 0.84 4076.95 1137.03 0.1 
             
1 291400 PF 1 6465.29 60.6 70.73 63.99 70.75 0.000019 0.61 10609.67 6028.65 0.07 
1 291400 PF 2 6286.97 60.6 70.73 63.94 70.75 0.000018 0.59 10612.93 6033.33 0.07 
1 291400 PF 3 5507.21 60.6 70.19 63.66 70.2 0.000017 0.56 9874.82 4717.9 0.07 
1 291400 PF 4 4693.58 60.6 69.45 63.46 69.46 0.000018 0.53 8869.34 3745.2 0.07 
1 291400 PF 5 3435.75 60.6 68.2 63.11 68.21 0.00002 0.48 7176.15 2579.06 0.07 
             
1 288300 PF 1 6465.29 58.77 70.63 63.35 70.67 0.000031 0.83 7758.52 14239.23 0.09 
1 288300 PF 2 6286.97 58.77 70.64 63.3 70.68 0.00003 0.81 7765.44 14275.98 0.09 
1 288300 PF 3 5507.21 58.77 70.1 63.09 70.13 0.000028 0.76 7275.93 11741.67 0.09 
1 288300 PF 4 4693.58 58.77 69.36 62.86 69.39 0.000028 0.71 6605.78 7419.14 0.08 
1 288300 PF 5 3435.75 58.77 68.12 62.44 68.14 0.000028 0.63 5482.3 2593.89 0.08 
             
1 285200 PF 1 6465.29 58.22 70.52 63.29 70.56 0.000037 0.92 6996.27 14163.28 0.1 
1 285200 PF 2 6286.97 58.22 70.53 63.24 70.58 0.000035 0.9 7007.64 14257.22 0.1 
1 285200 PF 3 5507.21 58.22 70 62.93 70.04 0.000033 0.84 6584.73 10830.04 0.09 
1 285200 PF 4 4693.58 58.22 69.26 62.64 69.3 0.000032 0.78 5998.08 6746.64 0.09 
1 285200 PF 5 3435.75 58.22 68.02 62.13 68.05 0.000032 0.69 5010.25 2585.47 0.09 
             
1 282100 PF 1 6465.29 60.2 70.5 63.13 70.5 0.000011 0.5 30311.08 17517.16 0.05 
1 282100 PF 2 6286.97 60.2 70.51 63.09 70.52 0.00001 0.49 30585.39 17609.04 0.05 
1 282100 PF 3 5507.21 60.2 69.91 62.92 69.94 0.000029 0.8 6884.23 12638.5 0.09 
1 282100 PF 4 4693.58 60.2 69.17 62.72 69.2 0.000029 0.75 6285.73 7878.09 0.09 
1 282100 PF 5 3435.75 60.2 67.93 62.38 67.95 0.000027 0.65 5278.79 3713.58 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 279000 PF 1 6465.29 58.13 70.4 62.72 70.45 0.00004 0.99 6497.92 17011.49 0.1 
1 279000 PF 2 6286.97 58.13 70.42 62.67 70.47 0.000037 0.97 6513.46 17157.81 0.1 
1 279000 PF 3 5507.21 58.13 69.8 62.43 69.84 0.000036 0.91 6077.45 12333.83 0.1 
1 279000 PF 4 4693.58 58.13 69.07 62.17 69.1 0.000035 0.84 5564.47 7838.38 0.1 
1 279000 PF 5 3435.75 58.13 67.83 61.65 67.86 0.000033 0.73 4702.39 2313.62 0.09 
             
1 275871.4 PF 1 6465.29 59.08 70.39 63.37 70.4 0.000006 0.27 37784.2 16242.08 0.04 
1 275871.4 PF 2 6286.97 59.08 70.42 63.32 70.42 0.000005 0.26 38130.9 16345.34 0.03 
1 275871.4 PF 3 5507.21 59.08 69.76 63.1 69.77 0.000013 0.38 14415.48 12990.17 0.05 
1 275871.4 PF 4 4693.58 59.08 69.01 62.85 69.02 0.000016 0.38 12289.39 10752.56 0.06 
1 275871.4 PF 5 3435.75 59.08 67.75 62.42 67.76 0.000027 0.39 8698.29 5245.91 0.07 
             
1 272791.7 PF 1 6465.29 60.31 70.34 63.64 70.36 0.000024 0.67 9657.05 15622.44 0.08 
1 272791.7 PF 2 6286.97 60.31 70.37 63.61 70.39 0.000023 0.65 9691.73 15693.9 0.08 
1 272791.7 PF 3 5507.21 60.31 69.69 63.44 69.71 0.000024 0.62 8811.57 13751.11 0.08 
1 272791.7 PF 4 4693.58 60.31 68.94 63.25 68.96 0.000026 0.6 7830.9 10916.36 0.08 
1 272791.7 PF 5 3435.75 60.31 67.66 62.9 67.67 0.000031 0.56 6158.16 5641.68 0.08 
             
1 269573.9 PF 1 6465.29 48.26 70.05 58.88 70.21 0.000086 1.82 3558 14182.08 0.16 
1 269573.9 PF 2 6286.97 48.26 70.09 58.77 70.25 0.00008 1.76 3570.37 14321.68 0.16 
1 269573.9 PF 3 5507.21 48.26 69.44 58.19 69.58 0.000073 1.62 3391.74 12232.49 0.15 
1 269573.9 PF 4 4693.58 48.26 68.71 57.54 68.82 0.000065 1.47 3192.06 9035.57 0.14 
1 269573.9 PF 5 3435.75 48.26 67.47 56.38 67.54 0.000051 1.21 2850 4542.16 0.12 
             
1 266595.8 PF 1 6465.29 58.97 70.09 62.83 70.1 0.00001 0.37 17400.29 14148.07 0.05 
1 266595.8 PF 2 6286.97 58.97 70.14 62.79 70.14 0.000009 0.36 17522.27 14242.21 0.05 
1 266595.8 PF 3 5507.21 58.97 69.47 62.6 69.47 0.00001 0.35 15617.39 13113.04 0.05 
1 266595.8 PF 4 4693.58 58.97 68.72 62.41 68.72 0.000012 0.35 13488.46 10200.71 0.05 
1 266595.8 PF 5 3435.75 58.97 67.43 62.06 67.44 0.000018 0.35 9850.24 5639.81 0.06 
             
1 263500 PF 1 6465.29 60.08 70.07 62.75 70.07 0.000009 0.4 16185.68 19673.68 0.05 
1 263500 PF 2 6286.97 60.08 70.11 62.72 70.12 0.000008 0.39 16283.26 19875.09 0.04 
1 263500 PF 3 5507.21 60.08 69.44 62.57 69.44 0.000008 0.37 14828.72 17521.67 0.05 
1 263500 PF 4 4693.58 60.08 68.68 62.41 68.69 0.000009 0.36 13201.05 13081.84 0.05 
1 263500 PF 5 3435.75 60.08 67.39 62.11 67.4 0.000011 0.33 10401.84 7824.65 0.05 
 
 
 
109 
 
 
Table 18. (cont.) 
Reach River Sta Profile Q Total (m3/s) 
Min Ch El 
(m) 
W.S. Elev 
(m) 
Crit W.S. 
(m) 
E.G. Elev 
(m) 
E.G. Slope 
(m/m) 
Vel Chnl 
(m/s) 
Flow Area 
(m2) 
Top Width 
(m) 
Froude # 
Chl 
1 260393.7 PF 1 6465.29 53.81 70.05 59.77 70.06 0.000006 0.49 45950.75 24871.12 0.04 
1 260393.7 PF 2 6286.97 53.81 69.92 59.68 70.05 0.000066 1.6 3918.73 23193.06 0.14 
1 260393.7 PF 3 5507.21 53.81 69.27 59.26 69.38 0.00006 1.48 3722.62 18616.4 0.13 
1 260393.7 PF 4 4693.58 53.81 68.54 58.79 68.63 0.000054 1.34 3502.45 13438.94 0.13 
1 260393.7 PF 5 3435.75 53.81 67.27 57.97 67.33 0.000042 1.1 3122.06 6890.49 0.11 
             
1 257300 PF 1 6465.29 55.9 69.95 61.46 70.01 0.000045 1.15 5636.34 23672.55 0.11 
1 257300 PF 2 6286.97 55.9 69.8 61.39 69.87 0.000044 1.13 5558.91 22986.84 0.11 
1 257300 PF 3 5507.21 55.9 69.15 61.11 69.21 0.000042 1.06 5211.32 19627.91 0.11 
1 257300 PF 4 4693.58 55.9 68.42 60.79 68.47 0.00004 0.97 4821.74 14406.01 0.1 
1 257300 PF 5 3435.75 55.9 67.17 60.19 67.2 0.000035 0.83 4150.49 7681.82 0.09 
             
1 254000.9 PF 1 6465.29 57.53 69.85 62.35 69.88 0.00003 0.76 8500.23 18383.74 0.09 
1 254000.9 PF 2 6286.97 57.53 69.71 62.31 69.74 0.00003 0.75 8340.81 17689.73 0.09 
1 254000.9 PF 3 5507.21 57.53 69.05 62.12 69.08 0.000031 0.72 7625.5 14114.96 0.09 
1 254000.9 PF 4 4693.58 57.53 68.32 61.92 68.35 0.000032 0.69 6823.78 10760.83 0.09 
1 254000.9 PF 5 3435.75 57.53 67.06 61.56 67.08 0.000036 0.63 5444.98 6713.44 0.09 
             
1 251100 PF 1 6465.29 56.64 69.73 61.75 69.78 0.000037 1.01 6391.39 14932.02 0.1 
1 251100 PF 2 6286.97 56.64 69.59 61.7 69.64 0.000037 1 6299.2 14245.22 0.1 
1 251100 PF 3 5507.21 56.64 68.94 61.49 68.98 0.000035 0.94 5885.6 10747.18 0.1 
1 251100 PF 4 4693.58 56.64 68.21 61.27 68.25 0.000034 0.87 5421.58 9408.61 0.09 
1 251100 PF 5 3435.75 56.64 66.96 60.89 66.99 0.000031 0.74 4622.38 7009.87 0.09 
             
1 248127.7 PF 1 6465.29 58.24 69.65 62.34 69.68 0.000028 0.82 7912.13 12964.53 0.09 
1 248127.7 PF 2 6286.97 58.24 69.51 62.31 69.54 0.000028 0.81 7784.42 12352.58 0.09 
1 248127.7 PF 3 5507.21 58.24 68.86 62.14 68.89 0.000028 0.76 7211.72 9394.96 0.09 
1 248127.7 PF 4 4693.58 58.24 68.13 61.96 68.16 0.000028 0.71 6569.35 7344.64 0.08 
1 248127.7 PF 5 3435.75 58.24 66.88 61.65 66.9 0.000027 0.63 5463.4 5125.36 0.08 
             
1 245171.3 PF 1 6465.29 58.39 69.57 62.13 69.6 0.00003 0.78 8278.5 15701.49 0.09 
1 245171.3 PF 2 6286.97 58.39 69.42 62.09 69.45 0.00003 0.77 8129.9 14457.32 0.09 
1 245171.3 PF 3 5507.21 58.39 68.77 61.9 68.8 0.00003 0.74 7463.63 9583.52 0.09 
1 245171.3 PF 4 4693.58 58.39 68.04 61.68 68.07 0.000031 0.7 6715.81 6730.01 0.09 
1 245171.3 PF 5 3435.75 58.39 66.79 61.32 66.81 0.000034 0.63 5426.65 3565.49 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 241800 PF 1 6465.29 59 69.51 62.17 69.52 0.000016 0.55 11815.24 18200.96 0.06 
1 241800 PF 2 6286.97 59 69.36 62.13 69.38 0.000016 0.54 11589.23 17153.47 0.06 
1 241800 PF 3 5507.21 59 68.71 61.96 68.72 0.000016 0.52 10575.62 12307.61 0.06 
1 241800 PF 4 4693.58 59 67.97 61.76 67.99 0.000018 0.5 9436.47 7632.34 0.06 
1 241800 PF 5 3435.75 59 66.71 61.42 66.72 0.00002 0.46 7471.47 4222.23 0.07 
             
1 238440.7 PF 1 6465.29 49.9 69.46 61.09 69.47 0.000016 0.43 14971.83 16753.43 0.06 
1 238440.7 PF 2 6286.97 49.9 69.31 61.04 69.32 0.000016 0.43 14556.98 16069.11 0.06 
1 238440.7 PF 3 5507.21 49.9 68.65 59.22 68.66 0.00002 0.43 12693.37 12295.99 0.07 
1 238440.7 PF 4 4693.58 49.9 67.91 58.57 67.92 0.000026 0.44 10588.76 8303.69 0.07 
1 238440.7 PF 5 3435.75 49.9 66.61 57.41 66.62 0.000044 0.48 7093.87 4606.14 0.09 
             
1 235600 PF 1 6465.29 53.32 69.38 61.67 69.4 0.000032 0.7 9181.5 17033.82 0.09 
1 235600 PF 2 6286.97 53.32 69.23 61.6 69.25 0.000033 0.7 8970.26 16260.92 0.09 
1 235600 PF 3 5507.21 53.32 68.56 61.31 68.58 0.000037 0.69 8018.35 11218.88 0.09 
1 235600 PF 4 4693.58 53.32 67.8 60.95 67.82 0.000044 0.68 6932.65 6645.15 0.1 
1 235600 PF 5 3435.75 53.32 66.47 59.47 66.5 0.000044 0.66 5230.72 3163.12 0.1 
             
1 232498.8 PF 1 6465.29 53.16 69.18 59.18 69.27 0.000052 1.34 4824.54 15787.53 0.12 
1 232498.8 PF 2 6286.97 53.16 69.03 59.1 69.12 0.000051 1.32 4765.48 15033 0.12 
1 232498.8 PF 3 5507.21 53.16 68.37 58.74 68.45 0.000047 1.22 4499.06 11115.47 0.12 
1 232498.8 PF 4 4693.58 53.16 67.62 58.34 67.68 0.000043 1.12 4193.92 6514.96 0.11 
1 232498.8 PF 5 3435.75 53.16 66.33 57.61 66.37 0.000036 0.94 3673.42 3720.7 0.1 
             
1 229392.7 PF 1 6465.29 55.8 69.09 60.02 69.14 0.00003 0.95 6802.77 18424.54 0.09 
1 229392.7 PF 2 6286.97 55.8 68.95 59.97 68.99 0.00003 0.94 6709.86 17158.09 0.09 
1 229392.7 PF 3 5507.21 55.8 68.29 59.71 68.33 0.000028 0.88 6291.15 12351.71 0.09 
1 229392.7 PF 4 4693.58 55.8 67.53 59.43 67.57 0.000027 0.81 5811.63 7646.55 0.09 
1 229392.7 PF 5 3435.75 55.8 66.25 58.94 66.27 0.000024 0.69 4995.32 4007.57 0.08 
             
1 226300 PF 1 6465.29 56.8 69 61.42 69.04 0.000034 0.9 7206.68 17745.24 0.1 
1 226300 PF 2 6286.97 56.8 68.85 61.38 68.89 0.000034 0.89 7089.9 17077.72 0.1 
1 226300 PF 3 5507.21 56.8 68.19 61.15 68.23 0.000033 0.84 6563.78 13128.74 0.09 
1 226300 PF 4 4693.58 56.8 67.44 60.9 67.47 0.000033 0.79 5960.85 8563.57 0.09 
1 226300 PF 5 3435.75 56.8 66.16 60.45 66.19 0.000034 0.7 4935.23 4128.62 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 223202.9 PF 1 6465.29 53.69 68.87 58.6 68.93 0.000034 1.11 5807.72 14607.13 0.1 
1 223202.9 PF 2 6286.97 53.69 68.72 58.53 68.79 0.000034 1.1 5739.82 14190.14 0.1 
1 223202.9 PF 3 5507.21 53.69 68.08 58.23 68.13 0.000031 1.01 5433.94 11479.05 0.1 
1 223202.9 PF 4 4693.58 53.69 67.33 57.9 67.38 0.000028 0.92 5082.83 7578.49 0.09 
1 223202.9 PF 5 3435.75 53.69 66.07 57.34 66.1 0.000023 0.77 4485.69 3835.37 0.08 
             
1 220100 PF 1 6465.29 58.46 68.84 61.49 68.85 0.000013 0.54 11929.93 10740.61 0.06 
1 220100 PF 2 6286.97 58.46 68.69 61.46 68.71 0.000013 0.54 11727.8 9971.04 0.06 
1 220100 PF 3 5507.21 58.46 68.04 61.33 68.06 0.000013 0.51 10817.79 7251.61 0.06 
1 220100 PF 4 4693.58 58.46 67.3 61.19 67.31 0.000014 0.48 9773.62 5322.85 0.06 
1 220100 PF 5 3435.75 58.46 66.03 60.96 66.04 0.000014 0.43 8000.29 2553.79 0.06 
             
1 217000 PF 1 6465.29 52.77 68.6 60.2 68.75 0.000094 1.71 3774.57 9161.41 0.16 
1 217000 PF 2 6286.97 52.77 68.46 60.11 68.61 0.000093 1.69 3726.74 8935.31 0.16 
1 217000 PF 3 5507.21 52.77 67.84 59.68 67.96 0.000087 1.57 3511.26 7824.97 0.16 
1 217000 PF 4 4693.58 52.77 67.11 59.26 67.22 0.000081 1.44 3262.81 6343.77 0.15 
1 217000 PF 5 3435.75 52.77 65.88 58.52 65.95 0.000069 1.21 2839.91 2816.19 0.13 
             
1 213900 PF 1 6465.29 55.3 68.49 59.61 68.55 0.000037 1.07 6027.71 9150.73 0.1 
1 213900 PF 2 6286.97 55.3 68.35 59.55 68.41 0.000037 1.06 5950.67 8820.65 0.1 
1 213900 PF 3 5507.21 55.3 67.73 59.28 67.78 0.000035 0.98 5604.07 7257.3 0.1 
1 213900 PF 4 4693.58 55.3 67.01 58.97 67.05 0.000032 0.9 5204.49 5749.71 0.09 
1 213900 PF 5 3435.75 55.3 65.78 58.42 65.81 0.000027 0.76 4526.51 3474.86 0.08 
             
1 210800 PF 1 6465.29 54.32 68.34 60.76 68.41 0.000056 1.16 5563.12 6457.7 0.12 
1 210800 PF 2 6286.97 54.32 68.2 60.69 68.27 0.000056 1.15 5478.23 6183.01 0.12 
1 210800 PF 3 5507.21 54.32 67.58 60.39 67.64 0.000055 1.08 5096.69 4722.51 0.12 
1 210800 PF 4 4693.58 54.32 66.87 60.04 66.92 0.000054 1.01 4656.23 2997.93 0.12 
1 210800 PF 5 3435.75 54.32 65.66 59.41 65.7 0.000048 0.88 3918.97 1457.23 0.11 
             
1 207707.4 PF 1 6465.29 57.81 68.25 61.02 68.28 0.000028 0.8 8052.69 8696.2 0.09 
1 207707.4 PF 2 6286.97 57.81 68.11 60.97 68.14 0.000028 0.79 7924.13 8523.77 0.09 
1 207707.4 PF 3 5507.21 57.81 67.49 60.8 67.52 0.000028 0.75 7346.69 7635.81 0.09 
1 207707.4 PF 4 4693.58 57.81 66.77 60.6 66.79 0.000028 0.7 6679.23 6292.66 0.08 
1 207707.4 PF 5 3435.75 57.81 65.56 60.25 65.58 0.000028 0.62 5555.87 3824.49 0.08 
 
 
 
112 
 
 
Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 204600 PF 1 6465.29 52.22 68.13 57.8 68.18 0.000033 0.98 6572.85 7140.85 0.1 
1 204600 PF 2 6286.97 52.22 68 57.73 68.04 0.000032 0.97 6488.08 6998.05 0.1 
1 204600 PF 3 5507.21 52.22 67.38 57.38 67.42 0.00003 0.9 6107.51 6325.21 0.09 
1 204600 PF 4 4693.58 52.22 66.67 56.98 66.71 0.000028 0.83 5666.81 4666.07 0.09 
1 204600 PF 5 3435.75 52.22 65.48 56.27 65.5 0.000024 0.7 4925.79 2717.44 0.08 
             
1 201500 PF 1 6465.29 55.32 68.06 59.92 68.08 0.000027 0.73 8871.65 15005.99 0.08 
1 201500 PF 2 6286.97 55.32 67.92 59.86 67.95 0.000028 0.72 8713.44 14120.64 0.08 
1 201500 PF 3 5507.21 55.32 67.3 59.58 67.33 0.000028 0.69 8003.52 11778.82 0.08 
1 201500 PF 4 4693.58 55.32 66.59 59.25 66.61 0.000029 0.65 7180.74 9398.26 0.08 
1 201500 PF 5 3435.75 55.32 65.39 58.71 65.41 0.000032 0.59 5799.29 6128.48 0.08 
             
1 198400 PF 1 6465.29 57.08 67.91 61.12 67.97 0.000053 1.02 6359.44 8162.07 0.12 
1 198400 PF 2 6286.97 57.08 67.78 61.07 67.83 0.000053 1.01 6247.59 7876.54 0.12 
1 198400 PF 3 5507.21 57.08 67.16 60.85 67.21 0.000053 0.96 5745.69 6637.85 0.12 
1 198400 PF 4 4693.58 57.08 66.45 60.6 66.49 0.000056 0.91 5161.51 5523.88 0.12 
1 198400 PF 5 3435.75 57.08 65.24 60.19 65.28 0.00006 0.82 4178.34 3393.25 0.12 
             
1 195300 PF 1 6465.29 58.97 67.81 61.24 67.84 0.000031 0.68 9447.77 7867.24 0.09 
1 195300 PF 2 6286.97 58.97 67.67 61.21 67.7 0.000032 0.68 9242.14 7433.36 0.09 
1 195300 PF 3 5507.21 58.97 67.05 61.05 67.07 0.000034 0.66 8318.28 5483.81 0.09 
1 195300 PF 4 4693.58 58.97 66.34 60.87 66.36 0.000029 0.64 7381.53 3265.4 0.08 
1 195300 PF 5 3435.75 58.97 65.12 60.55 65.14 0.000031 0.58 5911.95 1643.37 0.08 
             
1 192182.1 PF 1 6465.29 54.49 67.64 60.14 67.71 0.000053 1.15 5612.21 12351.68 0.12 
1 192182.1 PF 2 6286.97 54.49 67.5 60.08 67.57 0.000053 1.14 5528.68 12081.9 0.12 
1 192182.1 PF 3 5507.21 54.49 66.88 59.8 66.94 0.000051 1.07 5153.16 9844.39 0.12 
1 192182.1 PF 4 4693.58 54.49 66.19 59.47 66.24 0.000049 0.99 4738.73 7331.18 0.11 
1 192182.1 PF 5 3435.75 54.49 64.98 58.89 65.02 0.000046 0.86 4008.42 2486.72 0.11 
             
1 189207.6 PF 1 6465.29 54.06 67.5 59.9 67.55 0.000047 0.97 6674.04 10366.4 0.11 
1 189207.6 PF 2 6286.97 54.06 67.36 59.83 67.41 0.000048 0.96 6555.93 9843.92 0.11 
1 189207.6 PF 3 5507.21 54.06 66.74 59.53 66.78 0.000048 0.91 6025.17 7397.16 0.11 
1 189207.6 PF 4 4693.58 54.06 66.05 59.19 66.09 0.000049 0.86 5439.8 5354.97 0.11 
1 189207.6 PF 5 3435.75 54.06 64.84 58.59 64.87 0.000052 0.78 4408.6 2845.43 0.11 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 186000 PF 1 6465.29 55.76 67.35 59.79 67.4 0.000044 1.02 6344.14 6979.09 0.11 
1 186000 PF 2 6286.97 55.76 67.21 59.73 67.27 0.000043 1.01 6246.66 6315.63 0.11 
1 186000 PF 3 5507.21 55.76 66.59 59.49 66.64 0.000042 0.95 5808.82 3939.75 0.11 
1 186000 PF 4 4693.58 55.76 65.91 59.22 65.95 0.000041 0.88 5326.04 3369.54 0.1 
1 186000 PF 5 3435.75 55.76 64.7 58.76 64.73 0.000039 0.77 4472.79 2424.83 0.1 
             
1 182822.1 PF 1 6465.29 56.56 67.26 60.87 67.28 0.000032 0.62 10447.43 10767.99 0.09 
1 182822.1 PF 2 6286.97 56.56 67.12 60.83 67.13 0.000033 0.62 10170.71 10052.33 0.09 
1 182822.1 PF 3 5507.21 56.56 66.48 60.63 66.5 0.00004 0.62 8925.09 7099.92 0.09 
1 182822.1 PF 4 4693.58 56.56 65.78 60.41 65.8 0.00005 0.62 7544.85 5390.86 0.1 
1 182822.1 PF 5 3435.75 56.56 64.55 60 64.57 0.000063 0.65 5283.8 2560.53 0.11 
             
1 179819.8 PF 1 6465.29 54.64 67.11 59.33 67.16 0.000042 1.01 6414.91 12398.28 0.11 
1 179819.8 PF 2 6286.97 54.64 66.97 59.27 67.02 0.000042 1 6314.91 11276.27 0.11 
1 179819.8 PF 3 5507.21 54.64 66.33 58.98 66.38 0.000041 0.94 5863.98 9205.3 0.1 
1 179819.8 PF 4 4693.58 54.64 65.62 58.65 65.66 0.00004 0.88 5362.04 5930.81 0.1 
1 179819.8 PF 5 3435.75 54.64 64.39 58.06 64.42 0.000039 0.76 4493.01 2027.06 0.1 
             
1 176700 PF 1 6465.29 55.19 67.01 60.17 67.04 0.000032 0.7 9284.64 11853.25 0.09 
1 176700 PF 2 6286.97 55.19 66.87 60.12 66.9 0.000033 0.69 9074.9 10796.89 0.09 
1 176700 PF 3 5507.21 55.19 66.23 59.87 66.25 0.000037 0.68 8128.24 8379.83 0.09 
1 176700 PF 4 4693.58 55.19 65.5 59.57 65.53 0.000042 0.66 7071.86 6418.15 0.1 
1 176700 PF 5 3435.75 55.19 64.27 59.05 64.29 0.000045 0.64 5345.24 4110.48 0.1 
             
1 173600 PF 1 6465.29 53.7 66.84 58.27 66.91 0.000047 1.18 5491.96 10907.12 0.12 
1 173600 PF 2 6286.97 53.7 66.7 58.21 66.77 0.000046 1.16 5418.35 10434.44 0.11 
1 173600 PF 3 5507.21 53.7 66.06 57.92 66.12 0.000044 1.08 5085.86 8510.46 0.11 
1 173600 PF 4 4693.58 53.7 65.34 57.61 65.39 0.000041 1 4713.99 6120.83 0.11 
1 173600 PF 5 3435.75 53.7 64.13 57.05 64.16 0.000035 0.84 4083.3 3903.63 0.1 
             
1 170500 PF 1 6465.29 56.99 66.78 59.89 66.8 0.000023 0.67 9640.06 16090.99 0.08 
1 170500 PF 2 6286.97 56.99 66.64 59.85 66.66 0.000023 0.66 9464.17 15720.03 0.08 
1 170500 PF 3 5507.21 56.99 65.99 59.67 66.01 0.000023 0.64 8669.9 12660.98 0.08 
1 170500 PF 4 4693.58 56.99 65.27 59.47 65.29 0.000024 0.6 7781.82 9454.82 0.08 
1 170500 PF 5 3435.75 56.99 64.05 59.16 64.06 0.000027 0.55 6277.12 5134.62 0.08 
 
 
 
114 
 
 
Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 167474.1 PF 1 6465.29 56.82 66.7 59.97 66.73 0.000028 0.76 8515.02 11796.3 0.09 
1 167474.1 PF 2 6286.97 56.82 66.55 59.92 66.58 0.000028 0.75 8362.76 11251.16 0.09 
1 167474.1 PF 3 5507.21 56.82 65.91 59.72 65.93 0.000029 0.72 7674.94 8841.19 0.09 
1 167474.1 PF 4 4693.58 56.82 65.18 59.48 65.21 0.00003 0.68 6904.97 6626.1 0.09 
1 167474.1 PF 5 3435.75 56.82 63.95 59.1 63.97 0.000032 0.61 5597.98 2166.38 0.09 
             
1 164042.1 PF 1 6465.29 57.72 66.6 59.74 66.63 0.000026 0.75 8627.46 10595.83 0.08 
1 164042.1 PF 2 6286.97 57.72 66.46 59.71 66.49 0.000026 0.74 8481.02 10307 0.08 
1 164042.1 PF 3 5507.21 57.72 65.81 59.57 65.84 0.000026 0.7 7819.34 8535.81 0.08 
1 164042.1 PF 4 4693.58 57.72 65.09 59.42 65.11 0.000026 0.66 7077.9 6495.62 0.08 
1 164042.1 PF 5 3435.75 57.72 63.85 59.17 63.87 0.000027 0.59 5817.81 3309.02 0.08 
             
1 161295.4 PF 1 6465.29 50.15 66.39 56.74 66.51 0.000077 1.56 4140.25 9065.9 0.15 
1 161295.4 PF 2 6286.97 50.15 66.25 56.64 66.37 0.000075 1.54 4088.83 8812.75 0.15 
1 161295.4 PF 3 5507.21 50.15 65.62 56.19 65.72 0.00007 1.43 3856.37 7582.43 0.14 
1 161295.4 PF 4 4693.58 50.15 64.91 55.68 65 0.000065 1.31 3595.35 6452.03 0.13 
1 161295.4 PF 5 3435.75 50.15 63.71 54.8 63.77 0.000054 1.09 3151.16 2319.65 0.12 
             
1 158100 PF 1 6465.29 54.58 66.2 59.55 66.27 0.000063 1.18 5496.68 10838.34 0.13 
1 158100 PF 2 6286.97 54.58 66.06 59.5 66.13 0.000063 1.16 5405.94 10541.1 0.13 
1 158100 PF 3 5507.21 54.58 65.43 59.22 65.5 0.000063 1.1 4996.28 9175.09 0.13 
1 158100 PF 4 4693.58 54.58 64.73 58.91 64.78 0.000063 1.03 4536.86 7668.7 0.13 
1 158100 PF 5 3435.75 54.58 63.53 58.39 63.58 0.000063 0.91 3758.14 4637.77 0.12 
             
1 155508.4 PF 1 6465.29 48.53 66.08 56.53 66.12 0.00005 0.81 8025.15 8175.67 0.11 
1 155508.4 PF 2 6286.97 48.53 65.94 56.43 65.97 0.000051 0.8 7825.5 7632.73 0.11 
1 155508.4 PF 3 5507.21 48.53 65.3 55.95 65.33 0.000059 0.8 6921.88 6708.94 0.11 
1 155508.4 PF 4 4693.58 48.53 64.57 55.4 64.6 0.000073 0.8 5901.17 5184.95 0.12 
1 155508.4 PF 5 3435.75 48.53 63.34 54.46 63.38 0.000091 0.81 4252.3 2542.94 0.13 
             
1 151929 PF 1 6465.29 56.29 65.94 59.67 65.97 0.000035 0.65 9937.89 10087.24 0.09 
1 151929 PF 2 6286.97 56.29 65.8 59.62 65.82 0.000035 0.65 9674.18 9566.24 0.09 
1 151929 PF 3 5507.21 56.29 65.14 59.44 65.16 0.000038 0.65 8524.84 7672.28 0.09 
1 151929 PF 4 4693.58 56.29 64.38 59.23 64.4 0.000042 0.64 7294.99 5763.51 0.1 
1 151929 PF 5 3435.75 56.29 63.11 58.86 63.13 0.000054 0.64 5377.85 3014.74 0.1 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 148800 PF 1 6465.29 52.36 65.76 58.33 65.83 0.000054 1.13 5736.9 7454.68 0.12 
1 148800 PF 2 6286.97 52.36 65.62 58.26 65.68 0.000054 1.11 5643.73 7064.62 0.12 
1 148800 PF 3 5507.21 52.36 64.96 57.97 65.02 0.000054 1.06 5219.4 5269.76 0.12 
1 148800 PF 4 4693.58 52.36 64.2 57.65 64.25 0.000054 0.99 4732.35 4434.67 0.12 
1 148800 PF 5 3435.75 52.36 62.92 57.04 62.96 0.000055 0.88 3905.73 2210.85 0.11 
             
1 145700 PF 1 6465.29 54.96 65.56 58.76 65.64 0.000066 1.26 5130.81 7287.95 0.13 
1 145700 PF 2 6286.97 54.96 65.42 58.71 65.5 0.000066 1.25 5049.3 6940.09 0.13 
1 145700 PF 3 5507.21 54.96 64.76 58.5 64.83 0.000065 1.18 4677.86 5047.04 0.13 
1 145700 PF 4 4693.58 54.96 64.01 58.26 64.07 0.000065 1.1 4250.15 3541.99 0.13 
1 145700 PF 5 3435.75 54.96 62.72 57.86 62.77 0.000065 0.98 3523.84 2073.64 0.12 
             
1 142375.7 PF 1 6465.29 52.46 65.38 58.05 65.44 0.000052 1.15 5616.88 6415.38 0.12 
1 142375.7 PF 2 6286.97 52.46 65.23 57.99 65.3 0.000052 1.14 5531.65 5981.08 0.12 
1 142375.7 PF 3 5507.21 52.46 64.58 57.79 64.64 0.000051 1.07 5143.1 3595.3 0.12 
1 142375.7 PF 4 4693.58 52.46 63.83 57.54 63.88 0.00005 1 4694.53 2332.27 0.11 
1 142375.7 PF 5 3435.75 52.46 62.54 57.13 62.58 0.000048 0.87 3933.21 1327.78 0.11 
             
1 139480 PF 1 6465.29 53.47 65.24 57.97 65.3 0.000047 1.07 6039.82 7852.62 0.11 
1 139480 PF 2 6286.97 53.47 65.1 57.92 65.15 0.000047 1.06 5945.43 7568.68 0.11 
1 139480 PF 3 5507.21 53.47 64.45 57.7 64.5 0.000046 1 5514.99 6866.94 0.11 
1 139480 PF 4 4693.58 53.47 63.69 57.46 63.74 0.000046 0.94 5017.09 5888.53 0.11 
1 139480 PF 5 3435.75 53.47 62.41 57.05 62.45 0.000046 0.82 4172.55 3497.71 0.1 
             
1 136422.2 PF 1 6465.29 55.61 65.1 59.48 65.14 0.000051 0.93 6918.47 6042.82 0.11 
1 136422.2 PF 2 6286.97 55.61 64.96 59.44 65 0.000052 0.93 6775.7 5311.31 0.11 
1 136422.2 PF 3 5507.21 55.61 64.3 59.27 64.34 0.000056 0.9 6123.84 4350.31 0.12 
1 136422.2 PF 4 4693.58 55.61 63.53 59.08 63.57 0.000063 0.87 5366.1 3251.39 0.12 
1 136422.2 PF 5 3435.75 55.61 62.22 58.76 62.26 0.000085 0.84 4072.59 1581.38 0.13 
             
1 133300 PF 1 6465.29 52.5 64.93 56.98 64.99 0.000046 1.11 5820.96 4133.57 0.11 
1 133300 PF 2 6286.97 52.5 64.78 56.92 64.85 0.000046 1.1 5735.42 3814.13 0.11 
1 133300 PF 3 5507.21 52.5 64.13 56.68 64.18 0.000045 1.03 5344.31 2859.76 0.11 
1 133300 PF 4 4693.58 52.5 63.36 56.4 63.41 0.000044 0.96 4887.36 1977.89 0.11 
1 133300 PF 5 3435.75 52.5 62.04 55.87 62.08 0.000042 0.84 4103.78 842.43 0.1 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 130208.3 PF 1 6465.29 52.02 64.9 56.39 64.91 0.000012 0.36 17722.04 6590.95 0.05 
1 130208.3 PF 2 6286.97 52.02 64.76 56.34 64.76 0.000012 0.37 17221.5 6141.18 0.05 
1 130208.3 PF 3 5507.21 52.02 64.09 56.11 64.09 0.000015 0.37 14927.72 4519.49 0.06 
1 130208.3 PF 4 4693.58 52.02 63.3 55.87 63.31 0.000018 0.38 12347.39 3407.62 0.06 
1 130208.3 PF 5 3435.75 52.02 61.97 55.41 61.98 0.000022 0.4 8637.28 2421.4 0.07 
             
1 127681.5 PF 1 6465.29 49.61 64.85 54.24 64.87 0.000019 0.58 11108.5 6218.98 0.07 
1 127681.5 PF 2 6286.97 49.61 64.71 54.16 64.72 0.000019 0.58 10882.5 5397.04 0.07 
1 127681.5 PF 3 5507.21 49.61 64.03 53.78 64.05 0.000021 0.56 9844.9 2752.07 0.07 
1 127681.5 PF 4 4693.58 49.61 63.25 53.34 63.26 0.000019 0.54 8732.77 1538.54 0.07 
1 127681.5 PF 5 3435.75 49.61 61.91 52.67 61.93 0.000021 0.49 6953.05 1324.35 0.07 
             
1 124000 PF 1 6465.29 47.58 64.69 53.04 64.77 0.000042 1.22 5295.99 4806.72 0.11 
1 124000 PF 2 6286.97 47.58 64.55 52.96 64.62 0.000041 1.2 5233.45 4353.49 0.11 
1 124000 PF 3 5507.21 47.58 63.88 52.6 63.94 0.000038 1.11 4945.81 2159.66 0.11 
1 124000 PF 4 4693.58 47.58 63.11 52.19 63.17 0.000035 1.02 4614.95 1114.87 0.1 
1 124000 PF 5 3435.75 47.58 61.8 51.5 61.84 0.000029 0.85 4047.06 479.33 0.09 
             
1 120449.4 PF 1 6465.29 54.5 64.64 57.2 64.66 0.000018 0.64 10145.67 6300.78 0.07 
1 120449.4 PF 2 6286.97 54.5 64.49 57.17 64.51 0.000018 0.63 9977.48 5743.25 0.07 
1 120449.4 PF 3 5507.21 54.5 63.82 57.04 63.84 0.000018 0.6 9204.12 4043.97 0.07 
1 120449.4 PF 4 4693.58 54.5 63.05 56.89 63.07 0.000018 0.56 8314.69 2753.76 0.07 
1 120449.4 PF 5 3435.75 54.5 61.73 56.65 61.75 0.000019 0.51 6790.15 1517.8 0.07 
             
1 117870.6 PF 1 6465.29 45.63 64.53 52.62 64.59 0.000037 1.12 5763.37 4912.65 0.1 
1 117870.6 PF 2 6286.97 45.63 64.38 52.54 64.44 0.000037 1.1 5692.46 4121.56 0.1 
1 117870.6 PF 3 5507.21 45.63 63.72 52.14 63.78 0.000034 1.03 5366.08 2589.02 0.1 
1 117870.6 PF 4 4693.58 45.63 62.96 51.68 63.01 0.000032 0.94 4989.98 1698.07 0.09 
1 117870.6 PF 5 3435.75 45.63 61.65 50.92 61.69 0.000027 0.79 4344.77 771.97 0.09 
             
1 114700 PF 1 6465.29 49.18 64.48 54.53 64.5 0.000018 0.63 10238.65 9414.68 0.07 
1 114700 PF 2 6286.97 49.18 64.33 54.46 64.35 0.000018 0.62 10067.11 9060.54 0.07 
1 114700 PF 3 5507.21 49.18 63.67 54.15 63.69 0.000018 0.59 9277.68 7203.49 0.07 
1 114700 PF 4 4693.58 49.18 62.91 53.81 62.92 0.000018 0.56 8368.53 4685.13 0.07 
1 114700 PF 5 3435.75 49.18 61.6 53.19 61.61 0.000017 0.5 6873.5 1618.02 0.06 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 111600 PF 1 6465.29 49.01 64.41 54.33 64.44 0.000018 0.74 8790.1 12732.99 0.07 
1 111600 PF 2 6286.97 49.01 64.27 54.26 64.3 0.000018 0.73 8670.55 11977.84 0.07 
1 111600 PF 3 5507.21 49.01 63.61 53.96 63.63 0.000017 0.68 8120.11 8668.67 0.07 
1 111600 PF 4 4693.58 49.01 62.85 53.61 62.87 0.000017 0.63 7485.53 4918.78 0.07 
1 111600 PF 5 3435.75 49.01 61.55 52.98 61.56 0.000015 0.54 6403.33 2252.56 0.06 
             
1 108500 PF 1 6465.29 50.15 64.34 54.8 64.38 0.000022 0.82 7882.97 12012.73 0.08 
1 108500 PF 2 6286.97 50.15 64.2 54.75 64.23 0.000022 0.81 7777.85 10893.88 0.08 
1 108500 PF 3 5507.21 50.15 63.54 54.49 63.57 0.000021 0.76 7293.73 6766.8 0.08 
1 108500 PF 4 4693.58 50.15 62.79 54.2 62.81 0.00002 0.7 6735.19 4800.41 0.07 
1 108500 PF 5 3435.75 50.15 61.49 53.69 61.51 0.000018 0.59 5783.15 3131.91 0.07 
             
1 105446.6 PF 1 6465.29 48.69 64.29 54 64.32 0.000017 0.75 8610.81 11797.4 0.07 
1 105446.6 PF 2 6286.97 48.69 64.15 53.95 64.17 0.000017 0.74 8503.03 10998 0.07 
1 105446.6 PF 3 5507.21 48.69 63.49 53.72 63.52 0.000016 0.69 8006.52 8012.53 0.07 
1 105446.6 PF 4 4693.58 48.69 62.74 53.47 62.76 0.000015 0.63 7433.43 5112.38 0.06 
1 105446.6 PF 5 3435.75 48.69 61.45 53.05 61.47 0.000013 0.53 6457.2 3259.98 0.06 
             
1 102300 PF 1 6465.29 47.95 64.21 52.38 64.25 0.000022 0.9 7193.85 16147.77 0.08 
1 102300 PF 2 6286.97 47.95 64.07 52.31 64.11 0.000021 0.88 7113.13 14837.85 0.08 
1 102300 PF 3 5507.21 47.95 63.42 52.01 63.46 0.00002 0.82 6741.09 11528.18 0.08 
1 102300 PF 4 4693.58 47.95 62.68 51.68 62.71 0.000018 0.74 6311.23 8999.72 0.07 
1 102300 PF 5 3435.75 47.95 61.4 51.12 61.42 0.000014 0.62 5579.1 6016.55 0.06 
             
1 99373.64 PF 1 6465.29 50.5 64.17 55.64 64.19 0.000018 0.69 9382.26 12676.33 0.07 
1 99373.64 PF 2 6286.97 50.5 64.03 55.58 64.05 0.000018 0.68 9244.89 11914.93 0.07 
1 99373.64 PF 3 5507.21 50.5 63.38 55.28 63.4 0.000018 0.64 8611.79 9460.51 0.07 
1 99373.64 PF 4 4693.58 50.5 62.63 54.99 62.65 0.000017 0.6 7880.22 8268.47 0.07 
1 99373.64 PF 5 3435.75 50.5 61.36 54.46 61.38 0.000016 0.52 6635.64 5562.82 0.06 
             
1 96100 PF 1 6465.29 46.66 64.04 52.22 64.11 0.000034 1.15 5644.06 13884.14 0.1 
1 96100 PF 2 6286.97 46.66 63.9 52.14 63.97 0.000033 1.13 5584.69 12071.17 0.1 
1 96100 PF 3 5507.21 46.66 63.27 51.78 63.32 0.00003 1.04 5310.72 9368.26 0.09 
1 96100 PF 4 4693.58 46.66 62.53 51.36 62.58 0.000027 0.94 4993.36 7211.35 0.09 
1 96100 PF 5 3435.75 46.66 61.28 50.67 61.31 0.000021 0.77 4453.19 3935.81 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 93000 PF 1 6465.29 52.48 63.97 55.43 64.01 0.000025 0.83 7806 11007.43 0.08 
1 93000 PF 2 6286.97 52.48 63.84 55.39 63.87 0.000025 0.82 7699.69 9782.58 0.08 
1 93000 PF 3 5507.21 52.48 63.2 55.18 63.23 0.000023 0.76 7209.16 6539.85 0.08 
1 93000 PF 4 4693.58 52.48 62.47 54.96 62.5 0.000022 0.71 6640.95 4907.8 0.08 
1 93000 PF 5 3435.75 52.48 61.23 54.57 61.25 0.00002 0.61 5675.6 3481.05 0.07 
             
1 89900 PF 1 6465.29 48.23 63.86 53.8 63.91 0.000037 1.03 6253.67 13510.85 0.1 
1 89900 PF 2 6286.97 48.23 63.72 53.73 63.78 0.000036 1.02 6173 12623.16 0.1 
1 89900 PF 3 5507.21 48.23 63.1 53.35 63.15 0.000034 0.95 5800.45 9174.21 0.1 
1 89900 PF 4 4693.58 48.23 62.37 52.94 62.41 0.000032 0.87 5368.18 6674.03 0.09 
1 89900 PF 5 3435.75 48.23 61.14 52.2 61.17 0.000028 0.74 4634.35 3279.14 0.08 
             
1 87413.63 PF 1 6465.29 51.23 63.76 55.7 63.82 0.000041 1.06 6114.02 15912.28 0.11 
1 87413.63 PF 2 6286.97 51.23 63.63 55.65 63.68 0.000041 1.04 6031.35 15096.87 0.11 
1 87413.63 PF 3 5507.21 51.23 63.01 55.42 63.05 0.000039 0.97 5649.42 11132.98 0.1 
1 87413.63 PF 4 4693.58 51.23 62.29 55.15 62.33 0.000037 0.9 5205.74 7231.51 0.1 
1 87413.63 PF 5 3435.75 51.23 61.07 54.64 61.1 0.000033 0.77 4453.55 2953.25 0.09 
             
1 84402.89 PF 1 6465.29 52.88 63.69 57.15 63.72 0.000023 0.64 10176.29 11320.9 0.08 
1 84402.89 PF 2 6286.97 52.88 63.56 57.11 63.58 0.000023 0.63 9983.8 10469.33 0.08 
1 84402.89 PF 3 5507.21 52.88 62.94 56.9 62.95 0.000024 0.61 9094.03 6917.13 0.08 
1 84402.89 PF 4 4693.58 52.88 62.21 56.66 62.23 0.000026 0.58 8058.74 4182.59 0.08 
1 84402.89 PF 5 3435.75 52.88 60.98 56.24 60.99 0.000032 0.55 6302.37 2765.11 0.08 
             
1 80623.78 PF 1 6465.29 51.01 63.55 56.44 63.6 0.000042 0.98 6629.83 13906.07 0.11 
1 80623.78 PF 2 6286.97 51.01 63.41 56.38 63.46 0.000042 0.96 6526.7 12769.9 0.11 
1 80623.78 PF 3 5507.21 51.01 62.79 56.14 62.83 0.000041 0.91 6049.02 8321.57 0.1 
1 80623.78 PF 4 4693.58 51.01 62.06 55.86 62.1 0.000042 0.85 5490.57 5712.27 0.1 
1 80623.78 PF 5 3435.75 51.01 60.82 55.35 60.85 0.000042 0.76 4539.38 2950.71 0.1 
             
1 77483.04 PF 1 6465.29 48.45 63.33 55.7 63.42 0.000075 1.31 4925.7 21449.12 0.14 
1 77483.04 PF 2 6286.97 48.45 63.2 55.61 63.29 0.000074 1.3 4851.32 20234.5 0.14 
1 77483.04 PF 3 5507.21 48.45 62.59 55.24 62.66 0.000073 1.22 4506.07 15441.3 0.14 
1 77483.04 PF 4 4693.58 48.45 61.86 54.81 61.93 0.000073 1.14 4100.34 10791.6 0.14 
1 77483.04 PF 5 3435.75 48.45 60.63 54.06 60.68 0.000072 1.01 3408.73 4574.64 0.13 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 74446.37 PF 1 6465.29 51.22 63.2 56.17 63.24 0.000043 0.93 6929.22 21858.85 0.11 
1 74446.37 PF 2 6286.97 51.22 63.06 56.11 63.11 0.000043 0.92 6813.94 20730.08 0.11 
1 74446.37 PF 3 5507.21 51.22 62.44 55.82 62.48 0.000043 0.88 6278.06 16509.3 0.1 
1 74446.37 PF 4 4693.58 51.22 61.71 55.5 61.75 0.000045 0.83 5645.77 11642.75 0.1 
1 74446.37 PF 5 3435.75 51.22 60.47 54.9 60.5 0.000048 0.75 4566.14 5858.94 0.1 
             
1 71104.03 PF 1 6465.29 49.7 63.02 55.83 63.08 0.000049 1.09 5914.54 16665.22 0.12 
1 71104.03 PF 2 6286.97 49.7 62.89 55.78 62.95 0.000049 1.08 5828.78 15847.57 0.12 
1 71104.03 PF 3 5507.21 49.7 62.28 55.56 62.33 0.000048 1.01 5429.3 11717.05 0.11 
1 71104.03 PF 4 4693.58 49.7 61.55 55.33 61.6 0.000047 0.95 4955.55 6846.84 0.11 
1 71104.03 PF 5 3435.75 49.7 60.3 54.5 60.34 0.000046 0.83 4145.29 2544.7 0.1 
             
1 68200 PF 1 6465.29 51.82 62.88 55.98 62.94 0.000052 1.06 6097.57 13613.33 0.12 
1 68200 PF 2 6286.97 51.82 62.75 55.92 62.8 0.000052 1.05 6001.78 12562.54 0.12 
1 68200 PF 3 5507.21 51.82 62.14 55.68 62.19 0.000052 0.99 5554.83 8483.31 0.11 
1 68200 PF 4 4693.58 51.82 61.41 55.4 61.45 0.000052 0.93 5022.65 5246.04 0.11 
1 68200 PF 5 3435.75 51.82 60.16 54.93 60.19 0.000055 0.84 4111.68 2425.04 0.11 
             
1 65100 PF 1 6465.29 49.34 62.73 53.91 62.79 0.000043 1.04 6203.27 9783.52 0.11 
1 65100 PF 2 6286.97 49.34 62.6 53.85 62.66 0.000043 1.03 6117.22 9325.38 0.11 
1 65100 PF 3 5507.21 49.34 62 53.54 62.04 0.000041 0.96 5715.09 6976.53 0.1 
1 65100 PF 4 4693.58 49.34 61.27 53.21 61.31 0.00004 0.9 5234.19 4138.99 0.1 
1 65100 PF 5 3435.75 49.34 60.02 52.63 60.05 0.000038 0.78 4410.68 1796.85 0.1 
             
1 62028.68 PF 1 6465.29 52.11 62.63 56.52 62.65 0.000043 0.67 9705.29 5489.67 0.1 
1 62028.68 PF 2 6286.97 52.11 62.49 56.47 62.52 0.000044 0.67 9440.8 5022.74 0.1 
1 62028.68 PF 3 5507.21 52.11 61.88 56.26 61.9 0.000048 0.67 8249.18 3964.99 0.1 
1 62028.68 PF 4 4693.58 52.11 61.14 56.03 61.16 0.000057 0.68 6918.24 2865.32 0.11 
1 62028.68 PF 5 3435.75 52.11 59.86 55.61 59.89 0.000081 0.71 4852.32 1789.74 0.13 
             
1 58639.39 PF 1 6465.29 42.96 62.43 49.45 62.51 0.000037 1.26 5132.07 5129.31 0.11 
1 58639.39 PF 2 6286.97 42.96 62.3 49.37 62.38 0.000036 1.24 5085.09 4886.54 0.11 
1 58639.39 PF 3 5507.21 42.96 61.7 49.01 61.76 0.000032 1.13 4864.64 3568.21 0.1 
1 58639.39 PF 4 4693.58 42.96 60.97 48.62 61.02 0.000028 1.02 4598.35 2695.54 0.09 
1 58639.39 PF 5 3435.75 42.96 59.72 47.95 59.76 0.000022 0.83 4140.61 1274.9 0.08 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 55827.84 PF 1 6465.29 52.28 62.36 55.78 62.39 0.000037 0.78 8306.15 14645.86 0.1 
1 55827.84 PF 2 6286.97 52.28 62.23 55.74 62.26 0.000037 0.77 8148.53 14134.59 0.1 
1 55827.84 PF 3 5507.21 52.28 61.62 55.58 61.65 0.000039 0.74 7408.94 10958.2 0.1 
1 55827.84 PF 4 4693.58 52.28 60.89 55.41 60.92 0.000044 0.72 6514.64 7965.68 0.1 
1 55827.84 PF 5 3435.75 52.28 59.65 55.12 59.67 0.00004 0.67 5131.06 3019.54 0.09 
             
1 51940.69 PF 1 6465.29 50.6 62.21 54.11 62.25 0.000033 0.93 6948.58 4653.27 0.1 
1 51940.69 PF 2 6286.97 50.6 62.08 54.06 62.12 0.000033 0.92 6856.6 4503.2 0.09 
1 51940.69 PF 3 5507.21 50.6 61.48 53.85 61.51 0.000031 0.86 6423.81 3719.56 0.09 
1 51940.69 PF 4 4693.58 50.6 60.75 53.59 60.78 0.00003 0.8 5897.02 2521.28 0.09 
1 51940.69 PF 5 3435.75 50.6 59.52 53.14 59.55 0.000028 0.68 5016.29 1448.21 0.08 
             
1 49600 PF 1 6465.29 51.78 62.13 56.13 62.16 0.000039 0.74 8722.91 2510.02 0.1 
1 49600 PF 2 6286.97 51.78 62 56.08 62.03 0.00004 0.74 8536.65 2430.2 0.1 
1 49600 PF 3 5507.21 51.78 61.4 55.88 61.43 0.000043 0.72 7663.89 2170.39 0.1 
1 49600 PF 4 4693.58 51.78 60.67 55.65 60.69 0.000045 0.7 6666.27 1738.34 0.1 
1 49600 PF 5 3435.75 51.78 59.43 55.24 59.46 0.000056 0.68 5075.11 1461.56 0.11 
             
1 46500 PF 1 6465.29 51.57 62 56.33 62.03 0.000042 0.86 7488.3 4587.13 0.1 
1 46500 PF 2 6286.97 51.57 61.87 56.28 61.9 0.000043 0.86 7352.57 4408.41 0.1 
1 46500 PF 3 5507.21 51.57 61.26 56.07 61.29 0.000044 0.82 6713.81 3437.5 0.1 
1 46500 PF 4 4693.58 51.57 60.51 55.81 60.55 0.000049 0.79 5935 2334.15 0.11 
1 46500 PF 5 3435.75 51.57 59.25 55.36 59.27 0.000061 0.75 4606.53 1358.6 0.11 
             
1 43400 PF 1 6465.29 47.16 61.82 53.32 61.89 0.000051 1.14 5692.64 5994.44 0.12 
1 43400 PF 2 6286.97 47.16 61.69 53.25 61.76 0.00005 1.12 5615.23 5734.17 0.12 
1 43400 PF 3 5507.21 47.16 61.09 52.92 61.14 0.000048 1.05 5249.68 4574.51 0.11 
1 43400 PF 4 4693.58 47.16 60.35 52.54 60.39 0.000047 0.98 4800.21 2934.68 0.11 
1 43400 PF 5 3435.75 47.16 59.07 51.87 59.11 0.000046 0.85 4030.77 1129.67 0.11 
             
1 40300 PF 1 6465.29 47.82 61.68 52.79 61.74 0.000042 1.09 5924.91 3910.41 0.11 
1 40300 PF 2 6286.97 47.82 61.56 52.72 61.61 0.000041 1.07 5852.5 3675.15 0.11 
1 40300 PF 3 5507.21 47.82 60.96 52.43 61.01 0.000038 1 5509.85 2033.86 0.1 
1 40300 PF 4 4693.58 47.82 60.22 52.1 60.26 0.000036 0.92 5086.28 1117.25 0.1 
1 40300 PF 5 3435.75 47.82 58.96 51.53 58.99 0.000033 0.79 4361.8 637.83 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 37436.23 PF 1 6465.29 49.08 61.57 55.13 61.61 0.000047 0.87 7445.73 2496 0.11 
1 37436.23 PF 2 6286.97 49.08 61.44 55.08 61.48 0.000047 0.86 7305.06 2295.25 0.11 
1 37436.23 PF 3 5507.21 49.08 60.85 54.82 60.88 0.000048 0.83 6648.45 1200.91 0.11 
1 37436.23 PF 4 4693.58 49.08 60.11 54.52 60.14 0.000048 0.8 5874.76 1098.56 0.11 
1 37436.23 PF 5 3435.75 49.08 58.84 53.93 58.87 0.000055 0.74 4617.38 1034.64 0.11 
             
1 34100 PF 1 6465.29 50.67 61.43 54.96 61.46 0.000041 0.7 9179.09 1873.7 0.1 
1 34100 PF 2 6286.97 50.67 61.31 54.91 61.33 0.000041 0.7 8964.96 1834.69 0.1 
1 34100 PF 3 5507.21 50.67 60.7 54.65 60.73 0.000044 0.69 7979.74 1715.06 0.1 
1 34100 PF 4 4693.58 50.67 59.96 54.35 59.99 0.000043 0.68 6880.4 1484.78 0.1 
1 34100 PF 5 3435.75 50.67 58.66 53.84 58.69 0.000055 0.67 5142.81 1312.41 0.11 
             
1 31000 PF 1 6465.29 51.07 61.31 54.58 61.34 0.000037 0.64 10085.76 2104.3 0.09 
1 31000 PF 2 6286.97 51.07 61.19 54.53 61.21 0.000037 0.64 9833.7 2049.52 0.09 
1 31000 PF 3 5507.21 51.07 60.58 54.31 60.6 0.000036 0.63 8711.74 1787.05 0.09 
1 31000 PF 4 4693.58 51.07 59.85 54.08 59.87 0.000032 0.62 7589.17 1492.62 0.09 
1 31000 PF 5 3435.75 51.07 58.52 53.67 58.53 0.000043 0.6 5710.5 1433.56 0.09 
             
1 27900 PF 1 6465.29 48.94 61.18 54.12 61.21 0.000041 0.8 8080.37 1262.4 0.1 
1 27900 PF 2 6286.97 48.94 61.05 54.07 61.09 0.000041 0.79 7924.7 1261.5 0.1 
1 27900 PF 3 5507.21 48.94 60.45 53.86 60.48 0.000041 0.77 7190.97 1214.07 0.1 
1 27900 PF 4 4693.58 48.94 59.73 53.63 59.76 0.000038 0.73 6420.93 1081.34 0.09 
1 27900 PF 5 3435.75 48.94 58.37 53.24 58.4 0.000044 0.69 5010.58 1037.79 0.1 
             
1 24994.08 PF 1 6465.29 44.64 61.01 50.97 61.08 0.00005 1.16 5556.42 1167.02 0.12 
1 24994.08 PF 2 6286.97 44.64 60.89 50.88 60.95 0.000049 1.15 5486.43 1119.36 0.12 
1 24994.08 PF 3 5507.21 44.64 60.3 50.45 60.35 0.000046 1.07 5156.84 872.45 0.11 
1 24994.08 PF 4 4693.58 44.64 59.59 49.97 59.64 0.000044 0.99 4763.41 733.45 0.11 
1 24994.08 PF 5 3435.75 44.64 58.23 49.16 58.27 0.000042 0.86 4004.54 593.58 0.1 
             
1 21700 PF 1 6465.29 51.75 60.93 54.58 60.95 0.000025 0.7 9278.87 3044.01 0.08 
1 21700 PF 2 6286.97 51.75 60.8 54.55 60.83 0.000025 0.69 9125.7 2949.92 0.08 
1 21700 PF 3 5507.21 51.75 60.21 54.39 60.23 0.000026 0.66 8403.66 2500.53 0.08 
1 21700 PF 4 4693.58 51.75 59.5 54.22 59.52 0.000027 0.62 7539.73 1973.88 0.08 
1 21700 PF 5 3435.75 51.75 58.13 53.92 58.14 0.000033 0.59 5862.02 1283.54 0.09 
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Table 18. (cont.) 
Reach River Sta Profile 
Q Total  
(m3/s) 
Min Ch El  
(m) 
W.S. Elev  
(m) 
Crit W.S.  
(m) 
E.G. Elev  
(m) 
E.G. Slope  
(m/m) 
Vel Chnl  
(m/s) 
Flow Area  
(m2) 
Top Width  
(m) 
Froude #  
Chl 
1 18627.09 PF 1 6465.29 45.38 60.79 52.48 60.85 0.000042 1.09 5924.48 2369.7 0.11 
1 18627.09 PF 2 6286.97 45.38 60.67 52.43 60.72 0.000041 1.07 5853.27 2250.52 0.11 
1 18627.09 PF 3 5507.21 45.38 60.08 52.12 60.13 0.000039 1 5516.62 1656.94 0.1 
1 18627.09 PF 4 4693.58 45.38 59.38 51.7 59.42 0.000036 0.92 5111.86 1104.75 0.1 
1 18627.09 PF 5 3435.75 45.38 58.01 50.46 58.04 0.000034 0.8 4318.74 644.05 0.09 
             
1 15500 PF 1 6465.29 48.61 60.67 52.89 60.72 0.00004 1.02 6319.21 3321.73 0.11 
1 15500 PF 2 6286.97 48.61 60.54 52.85 60.6 0.000039 1.01 6239.64 3174.39 0.1 
1 15500 PF 3 5507.21 48.61 59.97 52.63 60.01 0.000037 0.94 5862.77 2609.58 0.1 
1 15500 PF 4 4693.58 48.61 59.27 52.41 59.31 0.000035 0.87 5408.16 1876.94 0.1 
1 15500 PF 5 3435.75 48.61 57.9 51.98 57.93 0.000035 0.76 4511.96 835.77 0.09 
             
1 11658.82 PF 1 6465.29 49.87 60.54 52.67 60.58 0.000031 0.9 7156.86 998.39 0.09 
1 11658.82 PF 2 6286.97 49.87 60.42 52.63 60.46 0.00003 0.89 7068.28 985.52 0.09 
1 11658.82 PF 3 5507.21 49.87 59.85 52.45 59.88 0.000029 0.83 6647.83 943.89 0.09 
1 11658.82 PF 4 4693.58 49.87 59.16 52.26 59.19 0.000027 0.76 6138.8 930.94 0.08 
1 11658.82 PF 5 3435.75 49.87 57.79 51.92 57.81 0.000027 0.67 5128.38 905.22 0.08 
 
 
